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RAPID AND SENSITIVE DETECTION OF PROTEIN AGGREGATION 

Field of the Livention 

This invention relates to methods, assays, and components for the rapid and 
5 sensitive detection and analysis of biomolecular interactions with particular applications 
to peptide aggiegation associated with disease states such as neurodegenerative disease, 
and non-disease aggi egation. Such methods and assays can be employed for clinical 
testing as well as to facilitate drug discovery by high-tliroughput di-ug screening. 
Background of the hivention 

A variety of diseases are characterized by abnomial and toxic aggregation of 
biological molecules such as proteins and peptides, sometimes called protein 
condensation, tangle fomiation, fibril fonnation, plaque formation, etc. It would 
therefore be advantageous to identify inhibitors of these abnormal aggi egation events. 
However, there are some diseases in which toxicity stems from the inliibition of a 

15 naturally occun ing aggregation process. In these cases, it would be advantageous to 
identify molecules that restore the normal aggiegation function. 

An important class of disease associated with abnonnal protein aggi egation, and a 
major focus of the present invention, is neurodegenerative disease. Neurodegenerative 
diseases to which the invention is related include, without limitation (with their 

20 associated proteins involved in aggi-egaiion), Familial British Dementia (ABRI), 

Parkinson's Disease (a-siiinuclein), Alzheimer's Disease (A/3 peptide), Finnish-type 
Familial Ajnyloidosis (Gelsoin), Huntington's Disease (Huntingtin), AD, Frontotemporal 
Dementia (Tau), Senile Systemic Amyloidosis (Transthyretin), Familial Ajnyloid 
Polyneuropathy (TTR), and Transmissible Spongiform Encephalopathie (PrP). Many 

25 neurodegenerative diseases have now been shown to be linked to and/or caused by 

plaque associated with aggregate fonnation in the brain that occurs as a result of aberrant 
aggi-egation of neuro peptides. Neurodegenerative diseases including Alzheimer's, 
Parkinson's, Gensmaim-Strausseler-Scheinker Syndrome, Fatal Familial hisomnia, 
Huntington's Chorea, Kuru, and Familial amyloid polyneuropathy and transmissible 

30 spongifonn encephalopathies such as Creutzfeldt .Jakob, Scrapie, and Bovine Spongiform 
tncepliajopaihy (BSh, iVjad Cow), are chaiacienzed by ordered proiem aggregates thai 
form in the brain. Although the proteins that make up these aggregates share no 
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sequence homology', or even conserved motif, the aggiegates themselves share certain 
morphological features. See Lansbury, Proc. NatL Acad, Set USA, 96:3342 (1999). In 
these diseases, peptides related to the pathogenic state, v^hich are normally soluble, 
undergo a conversion of their 3-dimensional stiuclure via a mutation of the native 

5 peptide or a physical association with altered peptides, to an insoluble, ordered 

poljonerized state that is characteristic of the abnonnal protein deposits that are found in 
the brain in neurodegenerative diseases. Tliis ordered polymerizing or aggregation may 
result fi'om seeding with indogenous or exogenous agents or peptides. 

For example, in Alzheimer's disease (AD), these aggregates are made up of jS- 

30 amyloid protein that has undergone a confonnational change, from soluble monomers, to 
insoluble, j3-sheet oligomers. The concentration of these fibrils in the brain has been 
coirelated to the progiession of clinical disease. The gro\Wh profile of the characteristic 
fibrils is extremely non-linear, which could explain why its victims can appear 
asymptomatic for years, then suddenly undergo a rapid degeneration into dementia. 

35 Fibril fonnation ui viiro is peptide concentration dependent. Short synthetic peptides, 
derived from the /S- amyloid (AjS) protein, can be made to fomi fibrils in vitro to mimic 
fibril fonnation that is characteristic of Alzheimer's disease. AjS 1-42 (with an extended 
hydrophobic C-terminus) has been shown to fonn fibrils at a faster rate than AjS 1-40. 
See J. Jairett .1 et al, 'The carboxy tenninus of the jS-amyloid protein is critical for the 

20 seeding of amyloid formation: imphcations for the pathogenesis of Alzheimer's disease," 
Biochemistiy 32: 4693-4697 (1993). mile A/3 1 -40 can form fibrils or aggi-egates on its 
own, solutions containing A/3 1-40 undergo accelerated fibril formation if they are 
"mixed" with the less soluble 1-42 peptide or are ''seeded" with pre-fonned peptide 
fibrils. Although AjS 1 -40 is the predominant protein in neuritic plaque, these studies 

25 indicate that the rate of fibril fonnation may depend on the ratio of the concentration of 
1-42 to 1-40. Consistent with these findings, all fonns of early onset AD involve higher 
expression levels of the 1-42 peptide. 

Atomic force microscopy (AFM) studies of in vitro fibril formation using the two 
most prevalent variants of Aj8, 1-42 and 1 -40, have identified a metastable intemiediate, 

:-v lermed thr proiofihr;: iha: occurs before fibri! formanon. Sec .1. Haipe: e: a-. 

"Observation of metastable Aj8 protofibrils by atomic force microscopy," Cbeni, and Biol 
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4: 1 19-125 (1997). The existence of these precursors to fibrils may explain the diffuse 
amyloid deposition observed in the brains of people pre-disposed to AD. The existence 
of a protofibril that is a toxic intennediate would explain several observed 
inconsistencies in vitro and in vivo that argued both for and against the A|8 fibril being 
the pathogenic agent of AD. Existing assays to test for neurodegenerative disease fibrils 
or fibril-fonning species, or to screen for drugs suitable for treatment of 
neurodegenerative disease are Congo red and Thioflavin-T assays (Methods in 
Enzjmology, Academic Press, 1999, Vol. 309. pgs. 274-287; 304-305) which typically 
camot detect small aggregates or protofibrils. Specifically, they cannot detect aggregate 
or fibril-forming species at a concentration below about 1 00 ^M. This is inadequate for 
detecting eariy stage disease, and for screening dnjgs suitable for use at early stage 
disease. 

Drug candidates that act at a pre-s>anptomatic stage of the disease (when only 
small fibrils or aggregates are present) would have a greater efficiency in inhibiting 
plaque/fibril fonnation and preventing symptomatic disease. In order to do this, small 
fibril aggregates need to be efficiently detected. However, these aggiegates are too small 
to be detected by neariy eveiy detection method. Although they can be detected by AFM, 
this technique does not lend itself to clinical diagnostics or drug screening protocols. 
Therefore, ai present, it has not been possible to screen for drugs that would act on the 
smaller fibrillar species. Additionally, screening for drugs to inhibit fibril formation at 
any stage has been severely limited. 

The rate of aggregate and fibril formation is an extremely non-linear fimction of 
the concentration of converted or misfolded peptide, such as mutant neuro peptide or 
converted prion peptides, which are aggiegate-forming or fibril-forming species. Once 
the concentration of the aberrant species reaches a critical concentration, the reaction rate 
proceeds too quickly to be affected by drug treatment. Therefore, for a drug to be 
effective at inliibiting plaque foraiation, thus making it a preventative therapeutic rather 
than a palliative one, it would necessarily have to act at an early stage. Current state of 
the art teclmology is not capable of detecting small aggregates or fibrils in a manner that 

c.on:pa!iblo ^^■ith pai-allel dnu- screemnc meihodt or non-mxcs^M diagnosis. Thn 
means that: 1) drugs to treat the eariy disease state cannot be readily identified; 2) pre- 
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s^aiiptomatic patients cannot be identified: and 3) the effectiveness of potential drug 
candidates that exists or will be identified in the future, cannot be accurately assessed. 

Another drawback of existing teclinologies, for example, Congo Red and 
Tliioflavin-T is that they require mechanical inteivention during the process. That is, the 
5 process requires transfer of fluid from one container to another, and the like wliich 

disturbs the assay in a non-reproducible way accelerating fibril foimation. Additionally, 
addition of the Congo Red and Thioflavin components quenches the reaction and stops 
the aggregation process, thus several time points cannot be taken of a single assay in 
solution. 

10 One complication with the diagnosis of neurodegenerative disease is the fact that 

species capable of fonning aggi'egates or fibrils characteristic of the disease maybe 
present in extremely low concentration, yet at a concentration which, if detectable, could 
signify onset of the disease. 

WHiile infomiation exists as to the process of neurodegenerative disease, a need 

15 exists for specific techniques for diagnosis and drug screening including simple, 

inexpensive, and reliable assays for detection of neurodegenerative disease, techniques 
for screening candidate drugs for treatment of neurodegenerative disease, and related 
components. 

Thei-e are also many non-neurodegenerative diseases that involve aberrant 
20 protein aggi egaiion. These diseases include but are not limited to the following: In 

multiple myeloma, antibody light chain aggregates to cause toxic effects. Waldenstroms 
Macroglobulinemia is a disease characterized by antibody heavy chain aggi-egation. A 
class of proteins, called cryoglobulins, precipitates at low temperatures, causing blockage 
of affected blood vessels. Disseminated intravascular coagulation (DlC) is a major cause 
25 of morbidir>' and mortality in people with severe systemic infections or autoimmune 
diseases, presumably because it depletes fibrin, resulting in an inJiibition of blood 
clotting. Gianzmaim's thrombasthenia is a bleeding disorder, characterized by abnormal 
platelet aggiegation due to a defect in the integrin, alpha lib beta SV Abnormal 
fibronectin aggi egation is characteristic of genetic human fibronectin-deposit glomerular 
?0 diseasr ' Sickle cell anemia i? caused nmiani hemoglobin thai agprepaief rather than 
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fomiing letramersl Abnonnal protein aggiegation has also been implicated as a toxic 
factor in stroke. 

Of particular importance is abnormal protein aggregation involved in Type H 
Diabetes. Human islet amyloid polypeptide (hIAPP) is the major component of plaques 
found in the pancreatic islets of Langerhans in people who have type U diabetes 
mellitus^ Amino acids 20-29 have been shown to be responsible for this aggiegation. 
The aggi egation of hIAPP proceeds non-linearly as a function of time and can be 
accelerated by "seeding" the reaction with pre-formed aggi egates, analogous to the case 
of beta-amyloid aggregation characteristic of Alzheimer's disease. However, unlike 
Alzheimer's disease, aggregation of hIAPP is independent of peptide concentration. An 
off-aggi egation peptide micelle model has been suggested to explain this. Methods of 
the invention can be used lo screen for drugs that inliibit tins aggregation. For example, 
the ITIAPP fragment that contains amino acids 20-29 are attached to colloids and added to 
solutions containing drug candidates. Solutions that contained drugs that inhibited 
aggregation remain pink while aggregation are characterized by a color change. 

On the other hand, many disease states are characterized by a loss of a normal 
aggregation or multimerization process. A method to screen for therapeutics to restore 
this activity would also be usefiil. Blood clotting is accomplished by aggregation of the 
protein fibrin, which is a product of the precursor protein fibrinogen. Additionally, there 
are proteins that aie not functional as monomers but must exist as dimers or tetramers in 
order to fimction. For many proteins, their biological function critically depends on their 
multimerization state. The aggregation assays described herein can readily be adapted to 
screen for molecules that either disrupt or enhance multimerization (a type of 
aggregation). 

For example, the tumor suppressor protein p53, M'hich is mutated in about 50% of 
all human cancers^ inliibits cell growth through activation of cell cycle arrest and 
apoptosis. Many aspects of p53's complicated fiinction hinge on its multimerization 
state. Some research indicates that to be oncogem-c, p53 needs to fomi tetramers^. 
Tetramerization is required for its DNA-binding' and transcription activity. The 
letramerization doma^:,-. 01,:^- ?.]^o commm a nuclea: c>;por. sim-.al (KESf . V, i^ 
believed that attenuation of p53 requires its export from the nucleus. Conversion of the 
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teti-amer to diiners and monomers exposes the NES. c-Abh which is a growth suppressor 
binds to the C-ienninus of p53 only if it is a teti'amer and this stimulates DNA binding^. 
There may be therapeutic value in identifying molecules that stimulate p53 
lelramerization as well as those that disrupt it. 
Summary Of The hivention 

The present invention provides a series of compositions, articles, kits, and 
methods associated with neurodegenerative disease, other diseases characterized by 
abeiTant aggregation, non-disease processes characterized by aggregation, as well as 
general methods for the detection of biomolecular interactions. Techniques and 
components are provided for diagnosis of disease, as well as for screening of candidate 
di-ugs for treatment of neurodegenerative and non-neurodegenerative diseases, 
characterized by abeiTant protein aggregation. Also provided are techniques and 
components for screening of candidate compositions for enhancing aggregation, where 
aggregation is desired. The teclmiques are simple, extremely sensitive, and utilize 
readily-available components. The techniques and components of the invention are able 
to very, sensitively detect aggiegate-fonning or fibril-fonning species, which t^'pically are 
very small, e.g., between 1 and 200nm in length and have heretofore been difficult or 
impossible to detect with existing technology and in screening for drugs to treat 
neurodegenerative and other diseases. 

One imporiani aspect of the invention involves compositions, articles, kits, and 
methods associated with diseases other than neurodegenerative diseases, and non-disease 
processes, and it is to be understood that one imponanl aspect of the invention involves 
all of the disclosure herein as it apphes to non-neurodegenerative disease and non-disease 
processes. 

The present invention therefore contemplates the ability to detect and monitor 
aggregates or proto-fibrils that are characteristic of early stages of these diseases. The 
present invention also contemplates the ability to study the rate of aggregate fonnation in 
response to treatment with putative drug candidates. 

The present invention provides methods for the detection of aggi-egates and fibrils 
v/hicb can be user ir screer for peptide sequencer Ih?.' arr involved in the phennn^^e of 
neurodegenerative and other protein aggregation diseases and non-disease processes. In 
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one leclinique, selected peptide sequences are s>'nthesized and are fastened to or adapted 
to be fastened to particles and subjected to assays of the invention. These assays can 
determine whether particle aggi egation occurs or other binding involving particles as 
described herein, indicative of the peptide sequence's potential for participating in 
aggiegation processes. In another technique, random peptide sequences are genetically 
engineered into a phage, which can be bound to a particle and participate in an assay of 
the invention. The methods of the present invention provide for detection of fibrils and 
peptide aggiegates and can be used for the diagnosis of these diseases, since it has been 
shown that aggiegates circulate in the cerebro spinal fluid (CSF) and, it is believed, in 
other bodily fluids that can be readily sampled. 

hi one embodiment, the present invention contemplates a detection system in 
which biological samples can be rapidly and sensitively analyzed for the presence of 
aggregates, fibrils, and proto-flbrils (or aggregate-forming species) that are characteristic 
of aggiegate processes such as neurodegenerative diseases, including ti ansmissible 
spongifomi encephalophathis. hi one aspect, the invention provides a series of kits that 
can be used for detection of disease or non-disease aggregate processes or drug 
screening, hi one embodiment, a kit includes a first article having a surface, a second 
article having a surface, and a plurality of binding species, at least some of which are 
immobilized relative to or adapted to be immobilized relative to the surface of the first 
article, and at least some of which are immobilized relative to or adapted to be 
immobilized relative to the surface of the second article. The binding species are capable 
of binding aggi-egate-forming species. As will become apparent flom the detailed 
description below, a variety of combinations of articles can be used in this embodiment. 
Each article can be a fluid-suspendable, isolatable article, each being a colloid particle or 
one being a colloid particle and the other being a magnetic bead or the hke, or one article 
can be a surface of a larger article such as an electrode, a surface plasmon resonance 
(SPR) chip, or other macroscopic article, and the other article can be a fluid-suspendable 
particle as described above. 

Another kit of the invention includes an article having a surface (a variety of 
^'nicle; arc coraemplaied).. and . piuraljn ofbmdmt speae.^ ai jeasi ..omc- of which are 
immobilized relative to or adapted to be immobilized relative to the surface. The 
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surface can be any surface as described herein and can include, in combination, a 
signaling entity that can indicate binding of aggi-egate fonning species or fibrils or 
aggregates to the surface. In one embodiment, the surface has a chemical functionality 
that substantially inhibits non-specific binding of binding species that are not 
immobilized relative to or adapted to be immobilized relative to the surface, or 
aggregate-fonning or fibril-fonning species. This embodiment allows for particularly 
sensitive detection teclmiques. 

In the description of many kits, assays, etc. of the invention, inany species are 
described that can be immobilized relative to another species or component. It is to be 
understood that in each case where one species or component can be immobilized 
relative to another species or component, in other embodiments these species or 
components can be fastened to each other. 

Ajiother kit of the invention includes an article having a surface and a plurality of 
binding species immobilized relative to or adapted to be immobilized relative to the 
surface, and in tliis embodiment, the article is specifically not an SPR component. This 
embodiment allows for very sensitive, non-SPR analyses such as electronic analyses of 
diseased samples or drug activitj^ 

hi another aspect, the invention provides a series of components, systems, and 
articles that can be used in conjunction with various kits and methods of the invention. 
One article of the invention includes a surface at which a binding species is fastened. A 
signaling element also is fastened to the surface of this article. A composition of the 
invention includes a binding species, and a signaling entity immobilized with respect to 
the binding species. Another composition of the invention includes a binding species 
fastened to a moiety that can coordinate a metal. 

One system of the invention comprises at least two particles immobilized 
relative io a neurodegenerative disease fibril or aggregate. Another system of the 
invention comprises at least two particles imjnobilized relative to a fibril or aggregate of 
any source. Another system of the invention includes at least two particles immobilized 
relative to an aggi-egate-'fonning species. These systems typically are the result of assays 
desip-ned io neien diseased or pre-discaFec 5:iaie^ . or candidate dnir screenmr mixture.^. 

In another aspect, the invention provides a series of methods. One method 
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involves providing an article having a surface and a plmality of binding species capable 
of binding a aggregate-fonning species immobilized relative to or adapted to be 
immobilized relative to the surface. The surface is exposed to a sample containing or 
suspected of containing aggi egate-foiming species. Optionally, the surface also is 
exposed to a signaling entity constructed and an anged to be able to signal binding of 
disease aggiegate-forming species present in the sample to the binding species 
immobilized relative to or adapted to be immobilized relative to the surface. 

Ajiother method involves providing a binding species, immobilized relative to or 
adapted to be immobilized relative to a surface of an article, and converting the binding 
species from a state in which it is not a neiu-odegenerative disease aggregate-forming 
species to one that is an aggi-egale-forming species. Tliis method finds significant use in 
highly sensitive assays, as will be apparent from the detailed description below. 

ki another embodiment, a method of the invention involves allowing a binding 
species to interact with a neurodegenerative disease aggregate-fonning species and 
thereby to be converted to a neurodegenerative disease aggiegate-forming species. The 
converted species thereafter participates in aggregation cliaracteristic of the presence of 
neurodegenerative disease aggi egate fomaing or fibril-forming species. This aggregation 
then is detected. This method also represents a significant advance in sensitivity of 
disease state or pre-disease stale screening. 

In another embodiment, a method of the invention is provided which, while not 
iniended to be limited to this puipose, can find use in drug screening and represents a 
significant advance in that arena. The method involves providing a binding species 
immobihzed relative to or adapted to be immobilized relative to a surface of an article, 
optionally allowing the binding species to become immobilized relative to the surface (if 
unfastened initially), and allowing the binding species lo bind an aggregate-forming 
species. The binding can occur before or after fastening of the binding species to the 
surface, and the binding species may or may not be converted to an aggregate-foirning 
species during binding. A second binding species, immobilized relative to or adapted to 
be immobihzed relative to a surface of a second article, is allowed to bind the aggregate- 
foi-minr specie.^'. The bindinp o^the ..econd bindinr sperief ,o fhf aggregale-fonninr 
species can occur at any point m time relevant to other steps according to this method. 
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Ajiother method of the invention involves an article having a surface and a 
plurality of binding species iirmiobilized relative to or adapted to be iinmobilized relative 
to the surface. The surface of the article is exposed to a sample suspected of containing 
neurodegenerative disease aggregate-fonning or a fibril-foiTning species from another 
5 source. A variety of individual tecltniques can accompany this method, for example, for 
detection of disease state in a sample, as will be apparent. 

Another method of the invention involves first forming aggi egates in a sample 
that contains aggi*egate-fomiing species. The aggi-egates are exposed to an article 
including a plurality of binding species inuuobilized relative to or adapted to be 

10 immobilized relative to the surface of the article. The binding species are capable of 
binding the aggregates, or aggiegate-forming species. 

hi another aspect, the invention provides a technique for detemiining 
effectiveness of candidate drugs for inhibition of disease. The technique involves 
exposing a cell that can produce disease aggregate- forming species to a candidate drug 

15 and deieiTnining the aggregation potential of material produced by, e.g. secreted jfrom the 
cell. The cell can be one that naturally produces the species or one that has been 
transfected lo produce the species, or is inducible to produce the species via knowoi 
techniques. The cell can be adapted to produce aggregate- fomiing species by 
transfeciing the cells v^ith a plasmid of. for example, the AjS fibril-forming species, 

20 derived fi-om amyloid precursor protein (APP). The potential of the material produced by 
the cell for aggregation characteristic of disease can be monitored by exposing the cell 
environment, after exposing the cell to the candidate drug, to any assays of the invention, 
for example, assays designed to exhibit colloid aggregation indicative of the presence of 
aggregate-forming species. Cells that produce or have the capability of producing 

25 aggi egate-fomiing species need not have the capability to secrete aggi-egate-forming 
species. Alternatively, cells that produce or retain aggregate-fomiing species 
intracellularly, can be lysed prior to colloid addition. This aspect of the invention is 
applicable for any disease process involving aggregation, including neurodegenerative 
disease. 

Anoiher aspeci of ihc Jn^'ent]0]^ i.^ i: series of method> ioi Jornimg self-assembled 
monolayers on surfaces, and articles having surfaces coated with SAJvds. In one set of 
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prefeiTed embodiments, SAMs formed completely of synthetic molecules completely 
cover a surface or a region of a surface, e.g. completely cover the surface of a colloid 
particle. "Completely cover" in this context, means that there is no portion of the surface 
or region that directly contacts a protein, antibody, or other species that prevents 
complete, direct coverage with the SAM. I.e. the svuface or region includes, across its 
entirety, a SAM consisting completely of non-naturally-occumng molecules (i.e. 
synthetic molecules). The SAM can be made up completely of SAM-forming species 
that foim close-packed SAJS'ls at surfaces, these species in combination with molecular 
wires or other species able to promote electronic conununi cation tlirough the SAM 
(including defect-promoting species able to participate in a SAM), other species able to 
participate in a SAl^d, and any combination of these. Preferably, all of the species that 
participate in the SAM include a flmctionality that binds, optionally covalently, to the 
surface. In a prefen ed embodiment a self-assembled monolayer is formed on a gold 
colloid. A self-assembled monolayer, whether formed on a colloid or on another surface, 
can be comprised of a mixture of tliiol species (when gold is the surface) that include tri- 
ethylene glycol-tenninaied thiols to resist non-specific adsorption and thiols lenninating 
in a binding partner of an affinity tag, e.g. tenninating in a chelate that can coordinate a 
metal such as nitrilo tri-acetic acid which, when in complex with nickel atoms, capture 
histidine-tagged binding species, ki a preferred embodiment the binding species is a 
beta-amyloid peptide which can readily self-aggjegale. The present invention provides a 
method for rigorously controlling the concentration of the histidine-tagged peptides 
presented on the colloid surface. Without this rigorous control over peptide density on 
each colloid particle, co-immobilized peptides would readily aggregate with each other to 
fonn micro-hydrophobic-domains that would catalyze colloid-colloid aggregation in the 
absence of aggiegate-forming species present in a sample. This is an advantage of the 
present invention, over existing colloid agglutination assays. 

The methods described in the present invention produce self-assembled 
monolayers on colloids that resist non-specific adsorption without protein blocking steps, 
such as blocking with BSA. The methods described herein also produce derivatized 
colloids lhai arc siabl. n, biological]) relevan; fjuid,- anc do noi require deie];ocnL^. (ioi 
stability; maintaining colloids in suspension), which interfere with binding reactions. 
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This allows sensitive binding assays to be perfomied in solution. This abrogates the need 
for having binding partners adhered to adsorbent surfaces, as is coironon for existing 
colloid agglutination assays. As is discussed below, detergent can advantageously be 
used for SAM formation on colloids. In this case, detergent can be and preferably is 

5 removed after SAM formation and is no longer present on the colloid, in the SAM, or 
elsewhere during binding interactions or other use of the colloids. 

These methods can be used to form monolayer-coated articles that can be used in 
conjunction with other aspects of the invention. One method involves forming a self- 
assembled monolayer on a surface by exposing the siuface to a medium containing self- 

10 assembled monolayer- fonning molecular species and a surfactant. In another method, a 
surface is exposed to a medium containing self-assembled monolayer-forming molecular 
species and a carboxylate. In yet another method, surfactant and carboxylate can be 
included together in the medium. Surfactants that can be used in accordance with this 
aspect of the invention to deposit a self-assembled monolayer onto a species include 

15 essentially any of a wide variety of surfactants. Carboxylates used to assist in self- 
assembled monolayer fonnation include preferably salts of carboxylic acids, including 
sodium citrate. 

Another method for self-assembled monolayer fonnation involves forming a self- 
assembled monolayer on a surface of a colloid particle. The formation does not occur 

20 during fomiation of the colloid particle itself. For example, the monolayer can be fomned 
on a fully pre-fonned colloid particle. In another method, a self-assembled monolayer is 
fonned on a surface of a colloid particle in suspension in a fluid, where the particle is not 
present at any fluid-fluid interface. 

In more specific examples of various aspects of the invention, peptides or other 

25 binding species capable of incorporating into, or binding, aggregates (including plaques 
and fibrils) are modified with signaling moieties and then mixed with a biological sample 
that may contain disease-associated peptide or protein aggregates/fibrils or agents 
capable of inducing aggiegate fonnation. ''Binding", in this context, can involve any 
hydrophobic, non-specific, or specific (e.g. in the case of an antibody) interaction. 

?f "]nco]poraiinr into'* mcan^ becominp a pan of an agprecatc or fibril, preferab]^ wiihom 
disturbing or distorting the naturally-occurring process of aggregate or fibril formation. 
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Other species, capable of incoiporating into aggregates, modified with recruittnent 
moieties (e.g., magnetic bead or magnetic or electromagnetic particles such as 
dendrimers) that can be differentially atti-acted to a sensing surface, are also mixed into 
the same sample. After a suitable incubation period, the sample solution is subjected to 
conditions that differentially atti-act the reci-uilable peptides to a detection apparatus. The 
incorporation of signaling and recruitable moieties into pre-existing aggi egates provides 
a sensitive and efficient method for labeling the aggi-egates and then concenti ating them 
into a detection area. 

The sequences of the binding species attached to signaling and reci-uitment 
species can be chosen such that they can readily incorporate into an existing aggregate, 
but in the absence of a pre-existing aggi egate, would not readily aggregate. Peptides can 
be linked to signaling moieties by direct chemical bond attachment to labeled dendrimers 
or polymers. Alternatively, peptides can be linked to signaling moieties through 
association with a particle-like material, including colloids, that simultaneously present 
both binding species and signaling group, hi addition, versions of species that can 
participate in aggregate formation can be added, free in solution (labeled or unlabeled), to 
accelerate the aggregation process and thus act as amplifiers. 

Binding species can be linked to recruitment moieties by direct chemical 
attachment, such as attaching peptides to magnetic polyiners that can be recruited to a 
detection area by an electromagnetic field or stationary magnet. Additionally, binding 
species can be linked indirectly to recnjitment moieties for example by association with 
protein A-coaled magnetic beads, (which present a surface functionality including a 
portion of protein A that will bind antibodies), or charged particles, that can then be 
differentially attracted to a sensing area or surface. Binding species can also be linked by 
25 direct chemical bond or by association with particle-like materials to recruitment 

moieties that are recruitable by virtue of a biological recognition unit, such as a peptide 
linked to an affinity tag (such as a histidine tag) wliich then binds to a metal coordinated 
by a surface-bound chelate, such as nitrilotriacetic acid (NTA) which can be immobilized 
at a surface as part of a self-assembled monolayer (SAM) at a surface. Binding species or 

■ ^P*^^'^-' '-1^^ be linked to £ surface v.iih use of a Strepi tac. commercialh- 
available fiom Biometra, attached to self-assembled monolayer-fomoing species such as a 



20 
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Uiiol. Sti eplavidin tag fomiing part of a self-assembled monolayer will readily fasten 
biotin-modified moieties such as biotin-modified binding species. Binding species can 
be linked to surfaces in other ways, as described more fully below. 

Another aspect of the invention involves detennining the effectiveness of a 
candidate drug for treatment of a condition involving aggi-egation, such as 
neurodegenerative disease or other protein aggregation disease in a human or animal 
subject, or a condition in winch it is desirable to enhance aggi-egalion. One method 
involves administering, to a human or animal subject at risk for aggi'egation-associated 
disease, or indicated for treatment for disease (e.g., showing symptoms of disease or 
exhibiting a positive test for a physiological characteristic indicative of disease) a 
candidate drug for treatment of the disease. A sample then is drawn from the subject and 
is exposed to an assay indicative of the effectiveness of the candidate drug in inhibiting 
or treating neurodegenerative disease or other aggregation condition. Specifically, the 
sample can be exposed to an assay indicative of aggregation potential of the sample. 
Preferred assays indicative of aggi egation potential of the sample include assays 
described in this summary and the detailed description below. For example, the sample 
drawn from the subject can be exposed to an airangement including an article having a 
first surface and a plurality of binding species, capable of binding an aggregate-fonning 
species fastened to or adapted to be fastened to the surface. Interaction of the binding 
species with aggi*egate-fonning species, or fibrils or aggi'egales, present in the sample 
drawn from the subject is detennined. Alternatively, a human or animal can be 
administered a candidate drug and a sample drawn from the subject and exposed to an 
assay indicative to the effectiveness of the candidate di-ug in enJiancing aggregation 
where desired. 

Another aspect of the invention involves novel polyamino acid-tagged, e.g. 
histidine-tagged species associated with neurodegenerative disease or other protein 
aggi egation disease. In one embodiment, the invention provides polyamino acid-tag jS- 
amyloid peptides of 1-3S, 1-39, 1-40, 1-41, or 1-42, with peptides 1-40 and 1-24 being 
preferred, 

Anoihe^ aspen of thf in^'Cn1io^ il?^''o]ve5 method ii: ^^■hjc1■l sample 15 

exposed to a second sample, and the second sample's ability to affect the first sample's 
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propensity for involvement in aii aggi-egation process is determined. The first sample 
contains or is suspected of containing an aggregate fonning species, or a precursor of an 
aggiegate forming species, or is able to produce or is suspected of being able to produce 
an aggregate-fomiing species. Or, the first sample is able to produce or is suspected of 
being able to produce a precursor of an aggregate-forming species. The second sample is 
suspected of having the ability to affect the first sample's propensity for involvement in 
an aggregation process. A precursor of an aggi egate-fomiing species can be a parent 
protein that is cleaved or post-translationally modified to fonn an aggregate-foj-ming 
species, or is a nucleic acid that codes for an aggregate-fonning species, or the parent 
protein. The aggi-egate-forming species or its precursor can come from a cell (such as 
materia] secreted from a cell a cell lysate, or a fraction thereof). The second sample is 
not an aggregate-foiming species, and is not a precursor of an aggregate-fonning species. 
The second sample is any protein, peptide, nucleic acid, enzyme, where any of these are 
naturally-occurring or s>aithetic or cloned, optionally derived from a cell. The second 
sample also can be any other material derived from a cell. The second sample also can 
be a small molecule, which optionally is derived from a cell. 

Another aspect of the invention involves self-assembled monolayers on colloid 
particles, preferably gold colloid particles, where the self-assembled monolayers include 
some species that are linked to biotin. Preferably, mixed self-assembled monolayers on 
gold colloid particles are fonned, including long chain alky] (e.g., Cll) thiols including 
several (e.g., 3) ethylene glycol units at the exposed terminus, the exposed tenninus 
covalently linked to biotin. A mixed self-assembled monolayer can include this species 
along with an inert or non-specific-binding-inhibiting species, such as a COOH- 
lenninated thiol, a PEG-lerminated thiol, or the like. Mixed self-assembled monolayers 
according to this aspect of the invention may include from about .01 to about 50% biotin, 
more preferably from about .05 to about 20%, more preferably from about .1 to about 5% 
biotin-containing SAM-fonning species. Colloids can->ang such a mixed SAM can be 
made similarly to SAM-coaied colloids described below. SAM-forniing species that 
present biotin can be formed using routine organic SNTithetic techm'ques. 

h- prefei-rec embod:n-,eru> mvoWmc bmdmc inicraciiont, bindmo i, deiermmec, 03 
allowed to occur, involving a species immobilized relative to a surface in a fluid medium 
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(e.g. a particle in suspension), in the absence of capillary fluid action or other 
fluid/surface attn-active interaction that causes fluid to migi*ate relative to an absorbent 
surface, such as is cormnon in a variety of known assays involving physiological samples 
and/or other colloid agglutination assays. That is, preferably binding is allowed to occur, 
5 or is deiennined, in a fluid that is stationary or, if inobile, does move or flow due to 
surface absorbance. 

Other advantages, novel features, and objects of the invention will become 
apparent fi'om the following detailed description of the invention when considered in 
conjunction with the accompan>ang drawings, which are schematic and which are not 
10 intended to be drawn to scale. In the figures, each identical or nearly identical 

component that is illustrated in various figures is represented by a single numeral. For 
puiposes of clarity, not even' component is labeled in every figure, nor is every 
component of each embodiment of the invention shown where illustration is not 
necessary to allow those of ordinary skill in the art to understand the invention. 
15 Brief Description of the Drawings 

Figure 1 depicts peptides capable of participating in fibril or plaque fonnation 
attached to metal-containing compounds, such as fenocene, via dendriniers or polyinei's. 
These derivatized peptides become associated with magnetic particles presenting similar 
peptides tlirough their simultaneous incoiporation into aggi-egates associated with 
20 neurodegenerative disease. After ]-eci-uitment to a SAM-coated electi-ode via a magnet, 
the presence of the aggi egaies is determined by detecting the presence of incoiporated 
' eleclroactive signaling moieties, like feirocene, using teclmiques such as cyclic 
voltannnetry (CV) or alternating cmrent voltammetry (ACV). 

Figure 2 depicts peptides capable of participating in aggregate formation and a 
25 metal complex, such as a feirocene derivative, attached to a colloid paiiicle. These 

peptides become associated with magnetic particles bearing similar peptides when both 
are incorporated into aggregates of abnormal versions of these prion-type (or fibril 
fomring) peptides in the solution. After recruitment to a SAAd-coated electrode via a 
magnet, the presence of the aggj-egates is electronically dejected. 

Fipure ? h?r- graph shov/inr ihe deienior of fibril formation hy 
spectrophotometric means. 
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Figure 4 is a photocopy of a photograph of a negative control in one assay of the 
invention. 

Figure 5 is a photocopy of a photograph of a forty-fold magnification of 
aggi egates, easily visibly identifiable to the unaided human eye, foimed of an assay of 
the invention. 

Figure 6 is a photocopy of a photogi aph of small aggi egates visible under a 
microscope, formed in an assay of the invention fi om 50 picomolar A/S fibrils (figs. 4-6 
all are magnified 40x). 

Figure 7A is a photocopy of a photogi aph of a 40x magnified large colloid 
aggregation, readily visibly identifiable to the unaided human eye, fonned in accordance 
with another assay of the invention. 

Figure 7B is a photocopy of a photogiaph of the negative control of the assay of 
Figure 7A. 

Figure 8 is a color copy of a photogi aph of an ELISA plate showing the results of 
15 a drug screening assay of the invention. 

^ Figure 9 is an overlay of four ACVs showing electronic detection of a fibril in 
another assay of the invention. 

Figure 1 0 shows the results of a light-scattering fibril assay of the invention. 
Figure 1 1 is the negative control of the light-scattering experiment of Figure 10. 
20 Figure 1 2 is a graph showing drug activity as a function of time in a 

neurodegenerative disease assay, correlating drug activity to aggregate size. 

Figure ] 3 shows results, in color, of an assay in which colloids aggi egate 
indicative of a binding interaction, as compared to a control. 

Figure 14 shows color change, fi om pink to blue (indicating colloid aggregation), 
resulting from increased A/3 concentration in a neurodegenerative disease assay, or the 
passage of time in an assay with constant concentration. 
Detailed Description of the Invention 

International patent application serial number PCT/USOO/0 1997, filed 01/25/00 
by Bamdad et a]., entitled "Rapid and Sensitive Detection of Aberrant Protein 
Agerepatior. ir. Xeumriepenerative Disease? " yjublished as WO 00 '4.- ^'9: or 07T7/00K 
Litemational paient application serial number PCT/USOO/01504, filed 01/21/00 by 
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Bamdad, et al, entitled "Literaction of CoUoid-lnimobilized Species with Species on 
Non-Colloidal Structures" (published as WO 00/34783 on 07/27/00), conimonly-owied, 
copending U.S. patent application serial no. 09/602,778, filed 06/23/00 by Bamdad et al., 
entitled "hiteraction of Colloid-Intniobilized Species with Species on Non-Colloidal 
5 Structures"; and commonly-owned, copending U.S. patent application serial no. 

09/631,818, filed 08/03/00 by Bamdad et al., entitled "Rapid and Sensitive Detection of 

Protein Aggregation" all are incorporated herein by reference. 

Definitions 

"Small molecule", as used herein, means a molecule less than 5 kiloDahon, more 

10 t>'pically less than 1 kiloDalton. As used herein, "small molecule" excludes proteins. 

The teixn "aggi egates" refers to complexes of homologous molecules (e.g. fibrils) 
as well as mixtiu es of molecules (e.g. interacting molecules such as binding partners, 
peptides, proteins, nucleic acids or complexes of these that promote the fonnation of 
aggregates, including complexes characterized by specific interactions). "Aggregates" 

35 can be associated with disease states such as neurodegenerative disease and other disease, 
and can be associated with non-disease states. Aggregates associated with 
neurodegenerative disease tj'pically involve aggiegation of proteinaceous molecules such 
as tangles or plaques characteristic and are associated with, i.e. may cause, 
neuj-odegenerative disease. Neurodegenerative disease aggi*egates t>pically are 

20 complexes of homologous molecules, but may include mixtures. Non-neurodegenerative 
disease aggiegates include those associated with type U diabetes, sickle-cell anemia, 
Avhich diseases involve aggregates similar to those of neurodegenerative disease, as well 
as other non-neurodegenerative disease aggregates such as myeloma, which involves 
hght or hea\^' chain IgG agglomeration. Aggi'egaies that are not associated with disease 

25 include those associated with, e.g., blood clotting (fibrinogen, plasminogen aggi-egates, 
and related factors), aggi-egates that act as tumor suppressors such as P53 aggregates, and 
the like. Those of ordinai-y sldll in the art understand aggregates as they relate to 
neurodegenerative disease, non-neurodegenerative disease, and non-disease physiological 
processes. Aggiegaies associated with each of these processes are distinguishable fi-om 

:-( each other by ihosr o::" nrdinar\- skill in the an "Agprepater". a5 used hereir.. 
encompasses fibrils. All fibrils are aggregates but not all aggregates are fibrils. 

BNSOOCID: ^WO 0?Ol?30A2_l_> 
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Aggregates of the present invention are typically of such a size (by virtue of the colloid 
interaction) that they can be visualized by eye, under a microscope, by light scattering, or 
by color changes. 

mile "aggregates" is used to refer to collections of molecules or fragments 
involved with disease and non-disease processes described herein (aggregates is defined 
below), it is to be understood that fibrils are tynpes of aggregates involved in certain 
disease processes. Wliere "fibrils" are described herein, it is to be understood that they 
are aggregates. 

The plu ase "render the aggregate visible" refers to tecliniques whereby a non- ' 
visible aggregate is made visible to the eye, visible under a microscope, or visible by 
absorbance. A variety of approaches are contemplated, including but not limited to 
attaching or decorating aggregate with particles with specific absorption characteristics, 
such as gold colloids, particles canying color-generating entities, etc. 

The tenn "candidate drug" as used herein, refers to any medicinal substance used 
in humans, animals, or plants. Encompassed within this definition are compound 
analogs, narurally occuiring, sjoithetic and recombinant phannaceuticals, hormones, 
antimicrobials, neurotransmitters, etc. This includes any substance or precursor (whether 
naturally occuning, synthetic or recombinant) which is to be evaluated for use as a drug 
for treatment of neurodegenerative disease, or other disease characterized by aben-ant 
aggregation, or prevention thereof Evaluation typically takes place (lirough activity in an 
assay, such as the screening assays of the present invention. 

A variety of types of particles can be used in the invention. For example, "fluid 
suspendable particle" means a particle that can be made to slay in suspension in a fluid in 
which it is used for puiposes of the invention (typically an aqueous solution) by itself, or 
can be maintained in solution by application of a magnetic field, an electromagnetic field, 
agitation such as stiiring, shaking, vibrating, sonicating, centrifuging, vortexing, or the 
like. A "magnetically suspendable^' particle is one that can be maintained in suspension 
in a fluid via application of a magnetic field. An electromagnetically-suspendable 
particle ,s one that can be maimained in suspension in a fluid by application of an 
eieciromaimelir field (e.g.. . particle carr>'inr a charge, oi a panicic modified' to cany a 
charge). A "self-suspendable particle" is a particle that is of low enough size and/or 
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mass that it will remain in suspension in a fluid in which it is used (topically an aqueous 
solution), without assistance of for example a magnetic field, for at least 1 hour. Other 
self-suspendable particles will remain in suspension, without assistance, for 5 hours, 1 
day, 1 week, or even 1 month, in accordance with the invention. 

As used herein, a "binding species capable of binding an aggi-egate-foiming 
species" includes any species such as a proiein, peptide, sequence of either, antibody, 
Congo red, Thioflavin-T, or any species capable of the binding so described. In some 
cases, this binding can be site-specific, such as in the case of antibodies or P53. In other 
cases it can be non-specific. Ln the case of proteins or peptides, the binding typically 
involves non-specific hydrophobic interaction. In the case of neurodegenerative disease, 
)8-sheet/ jS-sheet interactions t>pically are involved. Binding species also can include 
peptides, fragments, or whole proteins that are homologous to naturally-occuiring disease 
aggi-egate-fonming species. 

"Proteins" and "peptides" are well-known tenns in the art, and are not precisely 
defined in the art in temis of the number of amino acids that each includes. As used 
herein, these terms are given their ordinarj' meaning in the art. Generally, peptides are 
amino acid sequences of less than about 1 00 amino acids in length, but can include 
sequences of up to 300 amino acids. Proteins generally are considered to be molecules of 
at least 1 00 amino acids. 

As used herein, a "metal binding tag" refers to a group of molecules that can 
become fastened to a metal that is coordinated by a chelate. Suitable gi'oups of such 
molecules include amino acid sequences. t)pically fi-om about 2 to about 10 amino acid 
residues. These include, but are not limited to, histidines and cysteines ("polyamino acid 
tags"). Such binding tags, when they include histidine, can be referred to as a "poly- 
histidine tract" or "histidine tag" or "HlS-tag", and can be present at either the amino- or 
carboxy-tenninus, or at any exposed region, of a peptide or protein or nucleic acid. A 
poly-histidine tract of six to ten residues is preferred for use in the invention. The poly- 
histidine tract is also defined functionally as being a number of consecutive histidine 
residues added to a protein of interest which allows the affinity' purification of the 
re?uhinr proiein or. a metal chclaic rolumr.. or \hc- ideniificatior, proiein terminu? 
through the interaction with another molecule (e.g. an antibody reactive with the HIS- 
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tag). 

"Affinity tag" is given its ordinary meaning in the art. Affinity tags include, for 
example, metal binding tags, GST (in GST/glutathione binding clip), and streptavidin (in 
biotin/streptavidin binding). At various locations herein specific affinity tags are 
described in connection with binding interactions. It is to be understood that the 
invention involves, in any embodiment employing an afflmty tag, a series of individual 
embodiments each involving selection of any of the affinity tags described herein. 

As used herein, "chelate coordinating a metal" or metal coordinated by a chelate, 
refers to a metal coordinated by a chelating agent that does not fill all available 
coordination sites on the metal, leaving some coordination sites available for binding via 
a metal binding tag. 

"Signaling entity" means an entity that is capable of indicating its existence in a 
particular sample or at a particular location. Signaling entities of the invention can be 
those that are identifiable by the unaided human eye, those that may be invisible in 
isolation but may be delectable by the unaided human eye if in sufficient quantity (e.g., 
colloid particles), entities that absorb or emit electromagnetic radiation at a level or 
within a wavelength range such that they can be readily delected visibly (unaided or with 
a microscope including an electron microscope or the like), or spectroscopically, entities 
that can be detected electronjcally or electrochemically, such as redox-active molecules 
exhibiting a characteristic oxidation/reduction pattern upon exposure to appropriate 
activation energy ("electronic signaling entities"), or the like. Examples include dyes, 
pigments, electroactive molecules such as redox-active molecules, fluorescent moieties 
(including, by definition herein, phosphorescent moieties), up-regulating phosphors, 
chemiluminescent entities, electrochemiluminescent entities, or enzyme-linked signaling 
moieties including horse radish peroxidase and alkaline phosphatase. "Precursors of 
signaling entities" are entities that by themselves may not have signaling capabihty but, 
upon chemical, electrochemical electrical, magnetic, or physical interaction with another 
species, become signaling entities. An example includes a cliromophore having the 
ability to emit radiation within a particular, detectable wavelength only upon chemical 
inieracnor: with another mclenm Precursor.- of signahnc eniiiie.- are distinguishable 
from, but are included within the definition of, "signaling entities" as used herein. 
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As used herein, "fastened to or adapted to be fastened", in the context of a species 
relative to another species or to a surface of an article, means that the species is 
chemically or biochemically linked via covalent attacliment, attachment via specific 
biological binding (e.g., biotin/streptavidin), coordinative bonding such as chelate/metal 
binding,, or the like. For example, "fastened" in this context includes muUiple chemical 
linkages, multiple chemical/biological linkages, etc., including, but not limited to, a 
binding species such as a peptide synthesized on a po]yst>a*ene bead, a binding species 
specifically biologically coupled to an antibody which is bound to a protein such as 
protein A, wliich is covalently attached to a bead, a binding species that fonns a part (via 
genetic engineering) of a molecule such as GST or Phage, which in turn is specifically 
biologically bound to a binding partner covalently fastened to a surface (e.g., glutathione 
in the case of GST), etc. As another example, a moiety covalently linked to a thiol is 
adapted to be fastened to a gold surface since thiols bind gold covalently. Similarly, a 
species carrying a metal binding tag is adapted to be fastened to a surface that cairies a 
molecule covalently attached to the surface (such as thiol/gold binding) which molecule 
also presents a chelate coordinating a metal. A species also is adapted to be fastened to a 
surface if a surface carries a particular nucleotide sequence, and the species includes a 
complementary nucleotide sequence. 

"Covalently fastened" means fastened via nothing other than one or more 
covalent bonds. E.g. a species that is covalently coupled, via EDC/NHS chemisuy, to a 
carboxylate-presenting alkyl thiol which is in tum fastened to a gold surface, is 
covalently fastened to that surface. 

"Specifically fastened" or "adapted to be specifically fastened" means a species is 
chemically or biochemically linked to another specimen or to a surface as described 
above with respect to the definition of "fastened to or adapted to be fastened", but 
excluding all non-specific binding. 

"Non-specific binding", as used herein, is given its ordinary meaning in the field of 
biochemistry. 

"Colloids", as used herein, means nanopanicle, i.e. very small, self-suspendable 
panicler includinr inorpanic. polxmeric. and meial panicles. T>pica]]y. colloid pa7-nc]e5 
are of less than 250 nm cross section in any dimension, more typically less than 1 00 nm 
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cross section in any dinoension, and preferably 10-30iaa.., and can be metaL non-n,etal 
crystalline or amorphous. As used herein this tenn includes the definition comnionly' 
used m the field of biochemisto', and it t^T^ically means gold colloid particles. 

A "moiety that can coordinate a metal", a used herein, means any molecule that 
can occupy at least two coordination sites on a metal atom, such as a metal binding tag or 
a chelate. 

As used herein, a coznponent that is "innnobilized relative to" another component 
ether :s fastened to the other componem or is indirectly fastened to the other component 
e.g., by bemg fastened to a third component to which the other component also is 
fastened, or othemise is translationally associated with the other component For 
example, a signaling entity is inmiobihzed with respect to a binding species if the 
s^gnahng entity is fastened to the binding species, is fastened to a colloid particle to 
wh,ch the binding species is fastened, is fastened to a dendrimer or poly^ner to wWch the 
bmdmg species is fastened, etc. A colloid particle is immobilized relative to another 
colloid panicle if a species fastened to the surface of the first colloid particle attaches to 
an entny, and a species on the surface of the second colloid particle attaches to the same 
ent^t,, Where the entity can be a single entity, a complex entit>, of multiple species, a cell 
another panide, etc. 

"Aggregate-forming species", as used herein, means biological species associated 
w,th disease or non-disease processes involving aggregates, as defined above havino 
sufficient bindn.g capacity to bind to other molecules associated with the disease or L- 
d^sease process (includmg like molecules), ,o fo,™ fibrils or aggregates characteristic of 
the process, h. some disease processes such as neurodegenerative disease, such 
aggi egate-fonning species typically are characterized by a chan.e in molecule 
conformation, relative to sequence-homologous, healthy, counterparts, allowing them to 
bmd more readily to like or similar molecules. In some cases, such as m 
neurodegenerative disease, type-D diabetes, and myeloma, such ag^e^ate-fon^ing 
spaces have the capabihty to convert bind„.g species from non-ag^eaate-fomaing 
confonna,.on into aggregate-fonning confomoation. Protofibrils fo^ed from 
neuro.e,.nera.v. disease as...-epau. fonmnr spece. have beer reponen to be . 
precursor ot; or an early from of, neurodegenerative disease associated aggregates 
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Protofibi-ils are included in the definition of aggiegate-fomiing species as used herein. 
Similar to the temi "aggregates", those of ordinarj^ skill in the art understand the meaning 
of the term "aggi*egate fomiing species" as it is applied to neurodegenerative disease 
aggregate-foiming species, non-neurodegenerative disease aggregate-foiTning species, 
and non-disease aggi'egate-fonning species. 

"Diverse biological species" means different animals, such as mouse and hamster, 
mouse and goat, etc. 

The teiTii "sample" refers to any cell, tissue, or fluid from a biological source (a 
"biological sample", or any other medium, biological or non-biological, that can 
advantageously be evaluated in accordance with the invention including, but not limited 
to, a biological sample drawn from a human patient, a sample drawoi from an animal, a 
sample drawn from food designed for human consumption, a sample including food 
designed for animal consumption such as livestock feed, milk, an organ donation sample, 
a sample of blood destined for a blood supply, a sample from a water supply, or the like. 
One example of a sample is a sample drawn from a human or animal xo whom a 
candidate drug has been given to detennine the efficacy of the drug. 

A "sample suspected of containing" a particular component means a sample with 
respect lo which ihe content of the component is unknown. For example, a fluid sample 
from a human suspected of having a disease, such as a neurodegenerative disease or a 
non-neurodegenerative disease, but not known to have the disease, defines a sample 
suspected of containing neurodegenerative disease aggregate-forming species. "Sample" 
in this context includes naturally-occurring samples, such as physiological samples from 
humans or other animals, samples from food, livestock feed, etc., as well as "structurally 
predetennined sainples", which are defined herein to mean samples, the chemical or 
biological sequence or strucliire of which is a predetemiined structure used in an assay 
designed to test whether the structure is associated with a particular process such as a 
neurodegenerative disease. For example, a "strucmrally predetermined sample" includes 
a peptide sequence, random peptide sequence in a phage display library, and the like. 
Tj'pical samples taken from humans or other animals include cells, blood, urine, ocular 
fluid, sali^■r. rerehro-spinal fluid, fluid o: othe: sampler from lonj^iJ^. Jvniph nodes, 
needle biopsies, etc. 



wo (12/(11230 



PCT/USOl/20232 



-25- 



As used herein, a "meta] binding tag" refers to a group of molecules that can 
become fastened to a metal that is coordinated by a chelate. Suitable groups of such 
molecules include amino acid sequences, typically from about 2 to about 10 amino acid 
residues. These include, but are not limited to, histidines and cysteines ("polyamino acid 
tags"). Such binding tags, when they include Instidine, can be refeired to as a "poly- 
histidine tract" or "histidine tag" or "HIS-tag", and can be present at either the amino- or 
carboxy-tenninus, or at any exposed region, of a peptide or protein or nucleic acid. A 
poly-histidine tract of six to ten residues is prefen-ed for use in the invention. The poly- 
histidine tract is also defined functionally as being a number of consecutive histidine 
residues added to a protein of interest which allows the affim'ty purification of the 
resulting protein on a metal chelate column, or the identification of a protein terminus 
through the interaction with another molecule (e.g. an antibody reactive with the HIS- 
tag). 

"Affinity tag" is given its ordinary meaning in the art. Affinity tags, include, by 
definition, metal binding tags. 

As used herein, "metal binding tag/metal/chelate linkage" defines a linkage 
beiAveen first and second species in which a first species is immobilized relative to a 
metal binding tag and a second species is iminobilized relative to a chelate, where the 
chelate coordinates a metal lo which the metal binding tag is also coordinated. U.S. 
Patent No. 5,620,850 of Bamdad, et al., incorporated herein by reference, describes 
exemplary linkages. 

The term "biological binding" refers to the interaction bet^veen a corresponding 
pair of molecules that exhibit mutual affinity or binding capacity, t>'pically specific or 
non-specific binding or interaction, including biochemical, physiological, and/or 
pharmaceutical interactions. Biological binding defines a tji^e of interaction that occurs 
between pairs of molecules including proteins, nucleic acids, glycoproteins, 
carbohydrates, homiones and the like. Specific examples include antibody/antigen, 
antibody^apten, enz>'me/substrate, enzyme/inhibitor, enz>'me/cofactor, binding 
proiein/substi-ate, earner protein/substrate, lectin/carbohydrate, receptor/hormone, 
Ti'cepior effecio:. comp]emen;an sirand.' of nucleic acid, proteiivnucleic acid 
repressor/inducer, ligand/cell surface receptor, virus/ligand, etc. 
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The term "binding partner" refers to a molecule that can undergo binding with a 
particular molecule. Biological binding partners are examples. For example. Protein A 
is a binding partner of the biological molecule IgG, and vice versa. 

The term "detennining*' refers to quantitative or qualitative analysis of a species 
5 via, for example, spectroscopy, ellipsometry, piezoelectric measurement, immunoassay, 
electrochemical measm-ement, and the like. "Determining" also means detecting or 
quantifjdng interaction between species, e.g. detection of binding between two species. 

The term "self-assembled monolayer" (SAM) refers to a relatively ordered 
assembly of molecules spontaneously chemisorbed on a surface, in which the molecules 

10 are oriented approximately parallel to each other and roughly perjoendicular to the 

surface. Each of the molecules includes a functional gi*oup thai adheres to the smface, 
and a poilion that interacts with neighboring molecules in the monolayer to form the 
relatively ordered array. See Laibinis, P. E.; Hickman, J.; Wrighton, M. S.; Wliitesides, 
G. M. Science 245, 845 (1989), Bain, C; Evall, J.; Whilesides, G. M. J. Am. Chem. Soc. 

15 111, 7155-7164 (1989), Bain, C.: Whitesides, G. M. J. Am. Chem. Soc. Ill, 7164-7175 
(19S9), U.S. Patent No. 5,620,850, each of which is incorporated herein by reference, 
Ceilain embodiments of the invention make use of self-assembled monolayers (SAMs) 
on surfaces, such as surfaces of colloid particles, and articles such as colloid particles 
having surfaces coated with SAjMs. In one set of preferred embodiments, SAMs formed 

20 completely of syntlietic molecules completely cover a surface or a region of a surface, 
e.g. completely cover the suiface of a colloid particle. '*S>TJlhetic molecule", in this 
context, means a molecule that is not naturally occuning, rather, one synthesized under 
the direction of human or human-created or human-directed control. "Completely cover" 
in this context, means that there is no portion of the surface or region that directly 

25 contacts a protein, antibody, or other species that prevents complete, direct coverage with 
the SAM. Le, in preferred embodiments the surface or region includes, across its 
entiret^^ a SAM consisting completely of non-naturally-occun-ing molecules (i.e. 
s>mthetic molecules). The SA^^ can be made up completely of SAM-forming species 
that fonn close-packed SAMs ai surfaces, or these species in combination with molecular 

?r v.-irer o- other species able ir- promote ejectronir communicaiior through the SAM 

(including defect-promoting species able to participate in a SAI\1), or other species able 
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to participate in a SAM, and any combination of these. Preferably, all of the species that 
participate in the SAM include a functionality that binds, optionally covalently, to the 
surface, such as a thiol which will bind to a gold surface covalently. A self-assembled 
monolayer on a surface, in accordance with the invention, can be comprised of a mixture 
of species (e.g. thiol species when gold is the surface) that can present (expose) 
essentially any chemical or biological functionality. For example, they can include tri- 
ethylene glycol-tenninated species (e.g. tri-ethylene glycol-terminated thiols) to resist 
non-specific adsoiption, and other species (e.g. thiols) lenninating in a binding partner of 
an affinity tag, e.g. tenninating in a chelate that can coordinate a metal such as 
nitrilotiiacetic acid which, when in complex with nickel atoms, captures a metal binding 
tagged-species such as a histidine-tagged binding species. The present invention 
provides a method for rigorously controlling the concentration of essentially any 
chemical or biological species presented on a colloid surface or any other surface. In 
many embodiments of the invention the self-assembled monolayer is fonned on gold 
colloid particles. 

The tei-m "self-assembled mixed monolayer" refers to a heterogeneous self- 
assembled monolayer, that is, one made up of a relatively ordered assembly of at least 
two different molecules. 

"Molecular wires" as used herein, means wires that enhance the ability for a fluid 
encountering a SAM-coaled electrode to communicate electrically with the electrode. 
This includes conductive molecules or, as mentioned above and exemplified more fully 
below, molecules that can cause defects in the SAM allowing communication with the 
electrode. A non-limiting list of additional molecular wires includes 2-mercaptopyn-dine, 
2-mercaptobenzothiazole, dithiothreitol, 1, 2-benzenedithiol, 1, 2- 

benzenedimethanethioh benzene-ethanethiol, and 2-mercaptoethylether. Conductivity of 
a monolayer can also be enhanced by the addition of molecules that promote conductivity 
in the plane of the electrode. Conducting SAMs can be composed of, but are not limited 
to: 1) poly (ethynylphenyl) chains temiinated with a sulfur; 2) an alkyl thiol terminated 
with a benzene ring; 3) an alkyl thiol terminated with a DNA base; 4) any sulfur 
lemiinated specier that packr poorh-inlo a monolaver: all of the above phi^ or minu' 
alk>'l thiol spacer molecules tenninated with either ethylene glycol units or methyl groups 
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to irJiibii non specific adsoiption. Thiols are described because of their affinity for gold 
in ready fonnation of a SAM. Other molecules can be substituted for thiols as known in 
the art from U.S. Patent No. 5,620,820, and other references. Molecular wires typically, 
because of their bulk or other confonnation, creates defects in an otherwise relatively 
tightly-packed SAM to prevent the SAM from tightly sealing the surface against fluids to 
which it is exposed. The molecular wire causes disruption of the tightly-packed self- 
assembled structure, thereby defining defects that allow fluid to which the surface is 
exposed to communicate electrically with the siu-face. In this context, the fluid 
communicates electrically with the surface by contacting the surface or coming in close 
enough proximity to the surface that electronic communication via tunneling or the like, 
can occur. 

Referring now to Figure 1, one arrangement of the present invention is illustrated 
schematically. Shown in Figure 1 is an article 20, specifically an electrode including a 
SAM 22 on a surface thereof SAM 22 includes ''molecular wires" 24, in embodiments 
where it is desirable that SAM 22 be relatively electrically conductive. Typically, a 
mixed SAM is fonned of a relatively non-conducling species such as an alkyl tliiol 
optionally terminating in a non-specific binding inliibitor such as polyethylene glycol, 
mixed with molecular wires. The selection of surfaces and functional groups for binding 
self-assembling monolayer molecules to surfaces is a well-kjiown art. See U.S. Patent 
Nos. 5,512,131 and 5,620,850, and International Patent Pubhcation no. WO 96/29629, 
incorporated herein by reference, for tliis and other teachings. 

A particle 26, specifically a magnetic bead, is provided along with a plurality of 
binding species, capable of binding an aggregate-fonning species including that 
associated with neurodegenerative disease or non-neurodegenerative disease, or other 
aggregate-fomiing species, immobilized relative to or adapted to be immobihzed relative 
to the bead. A plurality of binding species 28 also are provided fastened or fastenable to 
signaling entities 30 which, in the embodiment illustrated, comprise dendrimers 32, each 
caiTving a plurality of individual signaling entities 34. A plurality of target molecules 36, 
which are neurodegenerative disease or non-neiirodegenerative disease aggregate- 
forminr or other fibril-foni-mr species, arc introducec b;- . Jo: example, beinr incjuried ir 
a physiological sample suspected of containing the molecules. Binding species 28 bind 



wo ()2/()123(l 



PCT/US0]/2()232 



-29- 



10 



\5 



20 



25 



to aggregate-fonning or fibril-foiTning species 36 lo define a linlcage including bead 26 
with attached binding species, signaHng entity 30 with attached binding species, and 
aggregate or fibril-fonning species 36 immobilized with respect to each. This 
arrangement can be drawn to a surface of electrode 20 via a magnet 38 under the 
electrode and, where signaling entities 34 are electromc or electro-active (redox active) 
signaling entities, their proximity near electrode 20 can be detected indicating presence 
of the aggregate or fibril-forming species 36 in the sample. 

Specifically, in this embodiment, elecironic signaling entity 34 can be a redox- 
active molecule such as a metallocene, specifically ferrocene (i.e. a feirocene derivative). 
Proximity of a ferrocene as signaling entity 34 near electrode 20 can be deteimined by a 
cyclic voltammelric teclmique such as alternating cun ent voltanunetry (ACV) or via a 
device employing charge counting. 

Binding species 28 need not be fastened to signaling entity 30 and/or bead 26 
initially, but a mixture can be provided including a sample suspected of containing 
species 36, binding species 28, signahng entity 30, and bead 26, where binding species 
28 is adapted to be fastened to signaling entity 30 and/or bead 26 if not already fastened., 
hi this aiTangement, species 28 can be adapted to be fastened to signaling entity 30 and/or 
bead 26 by including a chemical or biological binding partner of a molecule fastened to 
signaling entity' 30 or bead 26. Bead 26, if a polxmeric bead, can include a variety of 
covalently-anached linking molecules. Similarly, entity 30 can be modified in this way. 
Bead 26 also can be coated with a surface layer of a material that facilitates formation of 
a SAM thereon, such as gold, and a SAM forming molecule (such as a thiol in the case of 
the gold surface) canning a linking molecule can be fonned thereon. Linkages between a 
linking molecule on bead 26 or signaling entity 30 and binding species 28 can include an 
affinity tag such as metal binding tag/metal/chelate linkages, complementaiy nucleic acid 
sequences, biotin/streptavidin, etc. hi an an angement where a metal binding 
tag/metal/chelate linkage is used, a chelate can form part of a SAM on bead 26, and can 
be covalently attached to signaling entity 30. The chelate coordinates a metal, but leaves 
at least t^vo open coordinate sites on the metal. A metal binding tag such as a polyamino 
acid lar car: be :nco:pora,ed into bmdinr specie. 5o. gn-iiig specie.^ the abiln>- ic 
fasten to the bead or signaling entity by coordination of the metal bindine tag to the 
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metal. Examples of suitable chelates include nitrilotriacetic acid, 2,2'- 
bis(salicylideneamino)-6,6*-demethyldiphenyl, or l,8-bis(a-pyridyl)-3,6-dithiaoctane. In 
an alternate immobilization technique^ binding species 36 can carry a terminal cysteine 
and fasten thereby to a gold surface of bead 26. 
5 A variety of binding species 36 can be selected. The binding species can be a 

peptide, protein, sequence from a protein, small molecule such as Congo red or 
Thioflavin-T, or sequence homologous to sequence derived from aggregate-forming 
species, RNA, DNA, nucleoside derivatives, or antibody to the aggregate-forming or 
fibril-fomiing species 36. 

10 A variety of surfaces can fonn components of kits or systems or participate in 

methods of the invention. Surfaces such as surfaces of beads, colloids, electrodes, 
ELISA plates, other multi-well plates, and the like can be used. 

hi many techniques of the inveiition it is desirable to prevent any binding species 
introduced into an assay from participating in aggregate foimation. hi such a case, 

15 aggregate-binding, but aggi-egale-formaiion-resistant binding species can be used. 

Aggi egate- formation-resistant species can easily be selected by those of ordinary skill in 
the art from among species such as antibodies, fragments of proteins or peptides, etc. that 
will bind but not form aggregates. 

The surface of the article, whether it be an electrode, particle, bead, colloid, or the 

20 like, preferably has a chemical functionality that substantially inliibits non-specific 

binding of aggregate-fonning species. This can be accomplished in one embodiment by 
forming a SAIV4 on the surface for presentation of a desired functionality for the assay, 
the SA]\4 being a mixed SAN4 including other non-specific-binding inliibitors. NSB 
inliibitors include polyethylene glycol-temiinated SAM-fonning species. 

25 Preferably, a SAM coating the colloid inliibits colloid/colloid self- aggregation. 

This can be accomplished by incoiporating a sufficient amount of SAM-forming species 
that are charged in addition to species that resist NSB. Charged moieties and/or carboxy- 
tenninated species should be present in an amount of about 10 percent or more of the 
SAAd, or preferably at least about 30 percent or at least about 45 percent of the SAM. 

?o Thesr sneric' car; also br present ir. higher perceniages such a^. fo: example, 60 perceiiu 
SO percent, 90 percent, or even 95 percent. 
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Refen-ing now to Figure 2, another an angement suitable for use as an assay as 
iUusirated in Figure 1 is shown, but with modifications. In the arrangement of Figure 2. 
rather than a signahng entity 30 fastened to or adapted to be fastened to species 28. 
species 28 is imjnobiHzed relative to or adapted to be immobilized relative to individual 
signaling entities 34 by way of each of species 28 and signaling entities 34 being fastened 
to or adapted to be fastened to a colloid panicle 40. Species 28 and signaling entities 34 
can be adapted to be fastened to colloid panicle 40 by any of a variety of chemical or 
biological techniques known in the art or described herein. It is particularly convenient, 
with the use of gold colloid panicles 40, to attach signaline entities 34 and bindine 
species 28 to a thiol which will bind to the surface of colloid 40. A SAM can be fonned 
coating a surface of colloid 40 including the signaling entities 34 and binding species 28. 
In the airangement of Figure 2, binding of binding species 28, fastened to each of bead 
26 and colloid 40, to aggregate or fibril-fonning species 36, followed by activation of 
magnet 38 to draw bead 26 to the proximity' of electrode 20, in turn draws signaling 
entities 34 close to electrode 20 since signaling entities 34 are immobilized relative to 
bead 26. Electronic or electrochemical detection of signaling entities 34 near electrode 
20 is routine using ACV or the like. 

The assays illustrated in Figures 1 and 2 can be used for a variety of puiposes. 
men used to determine whether aggregate-fonning species 36 is present in a sample, a 
kit including bead 26, signaling entity' 30 (Figure 1) or colloid particle 40 (Figure 2), and 
binding species 28 fastened lo or adapted to be fastened to bead 26, entity 30, or colloid 
panicle 40, is provided and mixed in solution with the sample. If aggregate-fonning 
species 36 is present in the sample, then this is indicated by the proximity of signaling 
entity 34 near electrode 20 after mixture and activation of magnet 38. If aggregate- 
forming species 36 is not present, then signaling entit>' 34 should not be drawn to the 
electrode upon activation of the magnet. 

hi another technique, used for drug screening, aggregate-forming species 36 can 
be provided in known quantity in the sample in addition lo a candidate drug for treatment 
of neurodegenerative disease, non-neurodegenerative disease, or other protein 
EgLTPraiion disc.-, o- fo- treaimen- of:-, conditior. jr vhid- agprepation v desired Ir, 
such an an-angement, different candidate drugs will have different effects upon the 
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binding of binding species 2S and in rum to signaling entity 30 or colloid particle 40 to 
bead 26 via the aggiegate-fomiing species 36. Candidate drugs that inhibit this binding 
are candidates for treatment of neurodegenerative disease or other protein aggregation 
disease, or for treatment of a condition in which aggregation is desired. Tlie assay can be 
established in such a way that a signal (proximity of signaling entity 34 to electrode 20) 
is proportional or othenvise related not only to the concentration of aggregate-foiTning 
species 36 in the sample, but to the degi'ee of aggregation or fibril foimation occurring 
within the sample, hi such an airangement, in a drug screening assay^ the signal will be 
proportional or related to the degi'ee to which a particular di\ig candidate prevents 
aggregation characteristic of a particular disease from aggregate or fibril-forming species 
36 present in the sample, or the signal will be proportional or related to the degi'ee to 
which a particular drug candidate enliances aggregation for physiological conditions 
where enhanced aggregation is desired. 

hi drug screening assays, it is often desirable to quantitatively determine the 
relationship between immobilization of bead 26 relative to signaling entities 34 in 
conjunction with concentration of aggregate-fonning species 36 and/or concentration of 
drug candidate in a particular solution. In such an aiTangement, it is desirable that 
binding species 28 bind aggregate-fonning species 36 without conversion of binding 
specie? 28 to an aggiegaie-forming species, to maintain a 1:1 coiTelation between binding 
events and signal. This can be done by selecting binding species 28 and aggregate- 
fomiing species 36 fi"om diverse biological species, e.g. from hamster and mouse, 
respectively, or a sequence derived from the same species that binds 1:1 with target, 

Li another an'angement, it is desirable to maximize sensitivity of the assay, rather 
than maintaining a 1 :1 congelation betv^'een the binding events and signals or species in 
solution. In such an airangement it is desirable to convert binding species 28 from 
species that simply will bind neurodegenerative aggregate-fonning species 36. but are not 
aggi egate-fonning species themselves, into aggregate-fonning species with the ability to 
convert other binding species to aggregate or fibril-fomiing species. Li such an 
an angement, with references to Figures 1 and 2, if only a ver}^, very small amount of 
ai^prepme-fonninr species ?^ ir prcscni in a sample te.L v/here 35 ^e^^■ 3^ 100,00(* 
molecules must be detected because that number of infectious prion molecules is 
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sufficient to cause disease, characteristic of a sample from a patient in a ver>' early stage 
neurodegenerative disease), "amplifier" species 29 can be provided in solution and mixed 
with a sample. In such an an angement, even though a very small amount of aggregate- 
forming species 36 may be present in a sample, amplifier species 29 can be converted 
thereby to aggregaie or fibril-forming species thereby rendering aggi egate or fibril- 
fonning species present in sufficient concentration to be detected using the assay. If no 
aggregate-forming species 36 is initially present in the sample, then amplifier species 29 
will remain unconverted and little or no signal will be detected. Not only can ajnplifier 
species 29 amplify the concentration of aggregale-fonning species 36 present in a sample 
to detectable levels., but it can facilitate massive aggi-egation of species 36 characteristic 
of neurodegenerative disease which in timi can form macro structures including many ' 
hundreds or thousands of beads, colloids, and/or signaling entities bound to many 
thousands of aggi-egate-fomiing species in a single macro sti-ucture. These sinictures can 
be easily delected electronically or electrochemically, and often visibly. 

Amplifier species 29 can be selected among all of the species listed above for 
binding species 2S. but need not be the same as binding species 28 in a particular assay. 
For example, binding species 28 in a particular assay can be a binding species, but 
without the ability to be converted to an aggregate-forming species, while amplifier 
species 29 can be convertible to define an aggiegate-fonning species. The latter situation 
(binding species 28 is not convertible but amplifier species 29 is convertible to an 
aggregate-forming species) it is useflil in preventing particle/paiticle aggregation in the 
absence of a positive result (in the absence of aggregate-fomiing species 36 in a sample), 
but amplification of species 36, when it is provided in a sample, occurs, sensitizing the 
assay. 

In conjunction with the use of amplifier species 29 to cause massive aggregation of a 
sample that initially includes insufficient aggregaie-fomiing species 36 to cause massive 
aggregation (yet levels of species 36 desirably detected), electronic signaling entities and 
magnetic beads as illustrated in Figures 1 and 2 need not necessarily be used, hi such an 
an-angement, a kit can be provided includmg colloid particles 40, binding species 28 
fac.ener ir o- ac.PVr ir br ia,;enec u cclin.r p.nu ie. 4(, and amp}:f:c- binan; specie. 
28. Such a kit can be mixed with a sample suspected of containing, or ktoown to contain 
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(in the case of ding screening), aggi'egate or fibril-fonning species 36. Even at very low 
levels, species 36 can convert amplifier binding species 29 to aggregate or fibril-fonning 
species, causing massive aggregation and the formation of macro structures easily 
detectable, for example, visible by the unaided human eye, e.g. color change, or visible 
under a microscope, detectable via a liglit scattering, absorbance or the like, hi this 
airangement, colloid particles 40 need not necessarily carry any auxiliary signaling 
entities. 

In the arrangement described above with reference to Figures 1 and 2, it is 
desirable that binding species 28 be selected, and provided in concentration on surfaces 
of beads 26 and colloid particles 40 (where colloid particles are used), such that in the 
absence of auxiliaiy, non-surface immobilized aggiegate-forming species 36, particle 
aggi"egation on particle/particle exposure is hindered within a time frame allowing 
comparison of (1) aggregation in the absence of auxiliai->' aggregate-forming species with 
(2) aggregation in the presence of auxiliary aggi egaie or fibril-forming species. That is, 
if no aggregate or fibril-fonning species 36 is initially present in a sample, then 
aggregation of colloid particles may occur, but only slowly or to a limited extent, 
whereas if species 36 initially is present, then aggregation will occur more rapidly and/or 
to a much greater extent, hi such an assay a control can include no sample, and the rate 
and/or aggregation level of the sample can be compared to that of the control. 

It is not intended that the methods and assays of the present invention as 
described in the inunediately preceding paragiapbs discussing neurodegenerative disease 
be limited to only a particular aggregate associated with a particular neurodegenerative 
disease, hideed, the present invention contemplates detecting fibrils associated with a 
host of such diseases (e.g. Alzheimer*s, Parkinson's, Creutzfeldt Jakob, etc.). 

The present invention provides a variety of assays and components for assays, for 
detection of disease or detemiination of effectiveness of drugs for treatment of such 
disease. The assays can involve electronic or electrochemical detection of an interaction 
. of a sample or drug screen assay with a sensing electrode, or can involve aggregation, 
which can be delected by a variety of teclmiques, including but not hmited to visual 
mspeciinn. densin- sranninc. liphl transmission. ab.*=orbance. color chanpc and-or liphi 
scattering, hi connection with aggregation, binding species that can bind aggregate- 
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fomiing species or can incorporate into pre-existing aggi-egates or fibrils, are attached to 
colloids (e.g. gold colloids) or other particles (e.g. fluorescent beads). These particles, 
optionally along with free binding species (species that are not attached to colloids but 
are suspended or dissolved in a fluid in which the colloids are suspended) are mixed with 
solutions that contain aggi-egates (e.g. patient samples). As the panicles (e.g. colloids) 
become incoiporafed into the fibril, they render the fibril optically delectable. To inhibit 
peptides immobilized on colloids from interacting with each other, repellant groups - 
such as chai-ged moieties (COOH, DNA, charged peptides) - can be fastened to surfaces 
of the colloids. This causes the immobilized peptides to interact with the fibril rather 
than with each other and thus reduces tlie occurrence of false positives in a diagnostic 
assay. 

Also, flexible groups, such as glycol units can be chemically inserted between the 
nitrilo tri-acelic (NTA) moiety and the thiol portion. The introduction of more degrees of 
freedom would slow the rate of interaction by increasing the entropic cost of the reaction. 

It is not intended that the present invention be limited by the method of detection. 
To facilitate detection, the present invention contemplates a variety of tecliniques. For 
example, a signaling entity, such as a dye, can be fastened tQ one end of a peptide capable 
of incoHDorating aggiegates. As the signal-modified peptides incoiporate into the fibril, 
they render i1 "visible" by concentrating the dye on its surface, ht another embodiment, 
fluorescent moieties and quenching moieties are attached to the ends of separate 
peptides. At low concentration in solution, they do not interact frequently with each 
other; however, when co-localized on a fibril, a quenching reaction takes place, causing a 
change in the fluorescence of the solution. These changes can be analyzed using 
standard ELISA plate readers, hi yet another embodiment, tAvo compounds are attached 
to the temiini of two separate peptides capable of incoiporating into a fibril or plaque. 
The compounds are designed such that one compound modifies the second to render it 
active or delectable. The chemical modification is such that without the modification the 
compound does not fluoresce but after modification it does. Statistically, the reaction 
will happen orders of magnitude more frequently when the txvo compounds are co- 
loca];; f-.- c:-. ; f:!-;-., r.;: piaqru h. anr,-he embodnrjen: eleciror.]. c-jecirochemica] 
interaction senses as a detection technique, for example, where the presence of a redox- 
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active molecule near an electrode surface can be delected, indicating binding, of a species 
inmiobilized relative to the redox-active molecule lo a species iimnobilized relative to 
the electrode, or relative to a recruitable particle that can be drawn to the electrode, such 
as a magnetic bead, ki another detection technique, an image of a sample can be 
digitized, then pattern recognition software is used lo determine whether the sample 
contains aggi egates. For example, a sample as shown in Figure 8 can be digitized using 
a CCD camera, and pattern recognition can be used to delemiine color, aggregate size, 
aggregate spatial distribution, relative amount of aggregation, etc. This allows 
automation of both diagnostic screening and drag screening. It is particularly useful, 
when doing screening of a large number of drugs, to be able to individually spatially 
address vanous samples. Techjiiques of the invention can be carried out using 
individually spatially-addressable regions, such as different wells of a multi-well plate 
(see Figure S) and/or a plurality of electrodes, A plurality' of electrodes can be airanged 
in individual wells of a multi-well plate, or the like. 

It is particularly useful, when doing screening of a large number of drugs, to be 
able to individually spatially address various samples. Teclmiques of the invention can 
be carried out using individually spatially-addressable regions, such as different wells of 
a multi-well plate (see Figure 8) and/or a plurality of electrodes. A plurality of electrodes 
can be ananged in individual wells of a multi-well plate, or the like. 

Regardless of which embodiment is employed, the assays of the present invention 
can be readily adapted to screen drug libraries for compounds that inhibit aggregate 
fonnaiion. For a drug-screening assay, one can attach binding species to colloids (or 
other panicle) and incubate with solutions containing aggregate-fonuing or fibril-forming 
species and a dmg candidate. The solutions may or may not be agitated to accelerate the 
incoiporation of peptide into the fibrils. As the binding species are incoiporaled into the 
aggregates or fibrils, or aggregate-fomiing or fibril-forming species that then form 
aggi-egaies or fibrils, they bring the attached colloids close to each other, which causes 
the colloid solution to change color (e.g. from a pink suspension to a dark blue 
precipitate in a clear solution). This transition is clearly visible by eye. By absorption 
FperiTonhoinmei^-^- ihe peak a^ 569 nm dern-adef thr colloidr nPir erau 

hi one embodiment, the method of the present invention employs peptides (that 
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can fonn aggregates characlerislic of neurodegenerative diseases or other protein 
aggregation diseases or oilier non-disease processes) which are modified with sigiialing 
and/or recruitment moieties and are incubated with a biologically-derived sample (or an 
in vitro mimic of such a sample) potentially containing converted or aggregated peptides 
indicative of the disease state. The existence of peptide plaques, aggregates, or fibrils is 
detected via the incoiporation of the labeled peptides. This assay can be done in a variety 
of ways, as described below, in a system that allows fast and efficient detection of 
fibrillar or aggregated species. 

For example, one element can be a magnetic particle that bears a peptide that 
participates in fibril or plaque formation. The second element can be in the fonn of a 
colloid derivatized with a heterologous SAM that presents both a peptide that participates 
in aggregate fonnation and a redox-active compound, such as a fen-ocene derivative, 
which acts as a signaling moiety. Peptides that participate in fibril or plaque fonnation 
can catalyze the misfolding and spontaneous aggiegation of other peptides, such as those 
attached to the beads and colloids. The presence of these fibrillar or converted species of 
peptide can be delected in a sample by detecting the association of peptides on magnetic 
beads with peptides on signaling colloids tlirough their simultaneous incoiporation into 
fibrils or aggregates. 

Following an incubation period in which this aggregation is allowed to occur, an 
electromagnetic field can be applied that attracts the complex, which now contains 
magnetic particles as well as signaling colloids. In this system, magnetic particles 
provide a method of mixing biological recognition panicles through a large sample 
volume and then rapidly recniitmg the labeled targets to an electrode for detection, 
men an oscillating potential is applied to the electrode, a cunent peak at the oxidation 
potential that is characteristic of the redox-active metal indicates the presence of the 
aggregate at the electrode and, consequently, the presence of the aggi-egated peptides. In 
addition, free non-convened peptides can be added into the measurement solution to 
increase the rate of aggi egation and/or the amount of material aggregated, thus acting as 
aggregation amplifiers. Aggregate formation can also be accelerated by varying the 
mrub.ratior. anc :r.eas«reiv,er.; cor.dnioni. indudm: M?.mi requcnr;. pulse.^ and char.gc-.- a. 
lemperatiire and electrical and magnetic fields. The magnetic particles can be drav^n to a 
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sensine electrode. Aliernatively, in this embodiment and in other embodiments where 
species are desirably recruited to an electrode or another location, gravity can be used. 
For example, in assays of the invention components can be used that are not fluid self- 
suspendable, but will settle by gi'avity. Or, in other assays, fluid-suspendable 
components will aggregate to fomi non fluid-suspendable entities that will settle out of 
suspension. 

The complexes can be detected using a variety of tecliniques including alternating 
cuirent voItammetr>' (ACV). Tliis detection method can be supplemented by the use of 
additional analysis techniques such as higher order harmonic analysis. These complexes 
may also be able to be detected by optical means such as surface plasmon resonance 
(SPR). ]n using the latter techm'que, large shifts in optical properties are caused by 
reci-uitment of particle/particles complexes to the detecting surface. 

The aggregated state of these disease related peptides can also be detected by 
attacliing potentially pathogenic peptides (binding species or aggregate or fibril-fonning 
species) to either end of a linker, such that upon introduction of a polymerization seed or 
aggi-egate (aggregate or fibril-fonning species optionally able to convert binding species 
to aggregate or fibril-forming species), the chains would form aggregates whose 
detectable properties would be altered fiom the original, non-aggregated state, e.g. by 
being visibly identifiable, rendered able to scatter light in light-scattering detection, 
change in viscosity in a flow detection system, electronic detection where an electronic 
signaling entit>' is linked to a component that forms part of the aggregate, etc. 
Aheniatively, normal forms of pathogenic peptides can be attached to functionalized 
hydrogels or to ordered '^holes'' in gel-like materials. Since the introduction of a seed or 
protein aggregate would cause the conversion of the presented, soluble peptides into 
polymers or aggreeates, that have altered optical propenies, these aggregates could be 
optically detected. 

Alternatively, the magnetic particle can be gold-coated and derivatized with a 
SAM that presents the desired peptide either by direct attachment of a peptide-tliiol, or 
indirectly such as a DNA-peptide binding to a DNA-thiol incorporated in a SAM, or a 
hinifiinc .laoper pep-in; hindinr ir an VTA.ih-jr' j^-j^p ?;AJ\'j T'v co]iojr 

described herein may be a cluster of metal atoms, the preferred metal being gold. 
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Because sold clusters can be made ijom as few as 20 gold atoms, coJJoids would be 
among the smallest possible particles with a diameter of only a few nanometers which 
could have significant advantages when incorporating these relatively small-sized fibril- 
forming peptides and metal-contaimiig compounds into fibrils and plaques and 
maintaining them in suspension. 

There can also be a linker inserted betAveen the peptide and the particle or colloid 
or the recognition group that linlcs the peptide to the particle or colloid so that steric 
hindrance does not interfere with the interaction betAveen, e.g., a binding species and a 
fibril or aggregate-fomiing species. This linker or spacer can be made of a variety of 
materials, including glycols or amino acids. The length of the spacer can be varied to 
promote a shift in the oxidation potential of the electroactive signal detection substance 
by creating an increased hydrophobic envii onment due to the proximity of the 



ag.eresaies. 



The magnetic particle can also be replaced by a second colloid of larger 
dimensions and these larger colloids can be electromagnetically attracted to the electrode 
surface. However, they will only signal if decorated with satelhte colloids that present 
sigi^aling moieties. Alternatively, eitlier colloid can be decorated with charged moieties 
that alter its mobility M'hen an electromagnetic force is applied. All of the colloids can 
also be of similar size and an electromagnetic force can then be used to separate 
aggi-eeaied colloids from individual j^articles. In another variation, the first particle could 
be a heavier particle or colloid that can be mechanically mixed dunng incubation and 
subsequently allowed to accumulate on the electrode surface by sedimentation when 
measurements are taken. 

These techniques can also be employed in a one-particle system. For example, 
magnetic beads can present pathogenic peptides and a transition metal complex. When 
pathogenic peptides in solution interact with peptides on beads to form aggregates, the 
local enN-ironment of the transition metal changes such that it will oxidize at a higher 
potential. The presence of pathogenic aggiegales or fibrils are detected as a shift in the 
oxidation potential of the transition metal or as the appearance of a second oxidation 
peai. ,. ;ov.e: poiem^al. whcr. ih. ,ys^tr.^ cecrvochemica]!;. anan:,e.. A., alternative 
one-particle system includes magnetic particles that display the nonnal peptide and 
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aniplif^nng peptides in solution that cany transition metal comp]e?:es. These transition 
metals can be linked to dendrimers or pohmers. either conducting or non-conducting. 
As pathogenic peptides in the test sample promote aggi-egate fonnation, the metal- 
containing compounds become inlertAvined with peptides attached to magnetic particles 
resulting in an electroaclive and magnetic complex that can be recruited and 
electronically or electrochemically detected. 

This assay system can also be constructed without using beads. Peptides with 
metal-containing compounds or peptide-thiols and transition metal complex thiols can be 
immobilized on or incorporated into SAMs on electrodes. Amplityang peptides may or 
may not be added to the measurement solution. If the test sample contains pathogenic or 
infectious peptides, then they attach to the surface immobilized peptides. This changes 
the local environment of the metal complexes and thus changes their oxidation potential. 
Ajnplif>ang peptides in the measurement solution may carry metal complexes that may 
be linked to dendrimers or poisoners. If the test sample contains pathogenic peptides, then 
the aggiegatcd species act to bridge the metalated peptides and the surface immobilized 
peptides. This interaction places the signaling moiet>' near the electrode surface and an 
electronic signal is transmitted to the electrode. Similarly, peptides incoiporated into 
SAMs, formed on electrodes by either direct thiol attaclunent or by binding a His-tagged 
peptide to a pre-formed NTA-SAN4. can be introduced to a sample solution that contains 
pathogenic peptides and also colloids that present both peptide and signaling moieties 
such as ferrocenes. Again, their integraiion into fibrils/aggregates brings the signaling 
moiet>' (in this case a colloid) close to the electrode and a signal is transmitted. 
Conversely, peptides derivatized with NTA groups can be attached to surfaces via an 
interaction with a peptide that contains a six histidine stretch. Ajiiplifsdng peptides may 
or may not be added to the measurement solution. 

These lechniques can also be adapted to screemng for potential di-ug candidates to 
treat these neurodegenerative diseases or other protein aggregation diseases or other non- 
disease processes. Specifically, in all of the described variations, a drug candidate can be 
added to the soluiion and its ability to inhibit, or enhance aggregate fonnation as a 
fnnriinr r^:]:rii rinr rmicenTranor. v hiri' iranFlaU' :nir dorar\ n'iCr-.sr.rer: 

Various parameierS; such as a loss of signal or a shift in the position of the current peak 
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can be indicative of a positive, and therefore therapeutically useful, effect, hi addition, 
the drug candidates can be attached to beads bearing redox-active, e.g. metal-containing, 
compounds, which can be colloids coated with SAMs either with or without NTA-thiols 
thai oxidize at a different potential than those metal-containing compounds attached to 
the colloids having peptides attached to them. One then looks for the different oxidation 
peak. The signaling metal-containing compound can also be removed from the colloid 
tliat has peptides attached and the single current peak from the drug-containing colloids 
measured. Also, a multiplexing drug screening device can be designed in winch the di-ug 
candidates are added to microanays and the whole airay is flipped upside down onto a 
SANd-modified electrode lid for analysis. 

This competitive inhibition assay could also be perfonned in a system in winch 
the signal detection compound is on a colloid containing drug candidates. In this system, 
a magnetic bead without metal-containing signal detection compounds cairies peptides. 
Free peptides in solution can interact with the peptides bound io these magnetic beads. 
Putative drug candidates can be then placed on colloids having metal-containing signal 
detection compounds. The metal-containing signal detection compounds on the colloids 
would signal if they intemipted tlie aggregation process and interacted directly with the 
peptide on the magnetic beads. One could also obtain a signal if the drug candidates 
interacted with aggregates. The latter infonnation could be usefij], but would likely 
require a subsequent multi-step assay to detemiine where the drug was acting. 

Drug candidates are added to solutions containing pre-formed fibrils, peptides 
attached to electronic signaling colloids, and peptides attached to magnetic beads. 
Following an incubation period, magnetic beads are attracted to a sensing electrode and 
analyzed by ACV. A loss of signal indicates that the drug candidate has inhibited fibril 
fojmation. 

The metastable protofibril can be selectively fonned and purified to homogeneity 
by size exclusion chj-omatography, then used as the target fibril species for dmg 
screening. Similariy, alpha-s>rinuclein, the protein that incorporates into fibrils 
characteristic of Parkinson's disease, can beHis-tagged and attached to electronic 



ru.j(;;i;.- ar^-. ]7,;-ipne;j, ]:,a:-;-A ]c-i Tjjesc parncic-.- jnCiibaiev; with 



fibrils m solution or from a Parldnson's patient sample, then magneticallv attracted to a 
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sensing electrode for electronic analysis. 

Pulsing the solutions with electiomagnetic fields or mechanical agitation is used 
to accelerate the incorporation process. 

As noted previously, it is also not intended that the assays of the present invention 
be limited lo electronic or electrochemical interaction. In a panicular embodiment, the 
method does not employ a sensing surface. Rather, the method involves aggregation, 
which can be delected by a variety of lecluiiques. including but not limited to visual 
inspection, density scanning, light transmission, absorbance, color change and/or light 
scattering. Peptides, which can incojporate into pre-existing fibrils, are attached to 
colloids (e.g, gold colloids) or other particles (e.g, fluorescent beads). These peptide- 
presenting particles, along with free peptides, are mixed with solutions that contained 
fibrils (e,g. patient samples). As the particles (e.g. colloids) become incojporated into the 
fibril, they render the fibril optically detectable. 

WHiile it is not intended that the present invention be limited to the particular 
details of how this embodiment is formatted into an assay, a convenient approach is the 
96-well ELISA plate fomiat. For the reaction, the following reagents can be added to the 
ELISA plate in phosphate buffer (lOmM phosphate, pH 7.4, 1 00 mM NaCl) and the 
following concentrations can be conveniently used: a s>mthetic A/S (1-40) peptide, with 
an N-ierminal (His)6 tag, at either 58. 2 ixM or 14/iiM, 30/.tLNTA/Ni'^-presenting gold 
colloids (j^reparation described below) and 0.6/iM of A/3-amyloid fibril "seeds". The 
ELISA plate can then be incubated at 31^C, without agitation, for a desired period (e.g. 
30 minutes to 2 hour). At 1 hour, large dark red aggregate structures are clearly visible in 
the wells that contained 58.2 /iM (His)6-Ai8 peptide. After a desired period (e,g. betAveen 
1 and 4.5 hours), the plate can be agitated briefly and then visually inspected. The 
aggi egate sti-uctures are clearly visible in all wells that contained both (His)6-Ai(3 peptide 
and A^ fibril "seeds". These aggregate, fibrillar-like structures are also able to form in 
solutions that contained up to 50% fetal bovine serum (FBS), albeit at a slower rale. 
WHien the concentration of FBS is serially diluted and incubated Avith fibril seeds and 
(Iiis)6-A^ peptide at constant concentration, the rate of visible fibril foiTuation increases 
vifr nrr-cf^Finr FBF ronrcnirt^.ijn:, vhir? indiratef Iha: \Y\( .err.:"' v h* sperifir fo: Af: 
fibrils and not recognizing fibrillar species present in fetal seium. Wells that contained 
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either fibrils or (His)6-A^ peptide, but not both, do not fonn visible aggi egates. As a 
negative control, an inelevant His-tagged peptide can be incubated with the colloids and 
seed fibrils. Such control solutions will not produce visible, fibrillar aggregates. 

Using the above-described method, fibril seed concentrations as low as 10 
picomolar are visibly distinguishable fi-om solutions that contained colloids and A/3 
peptide, but did not contain seed fibrils. 

The colorimetric techniques described herein do not disrupt the assay process. A 
single fluid mixture is prepared and, without any transfer or other agitation required, the 
mixture can be observed to determine aggregate formation or lack thereof Alternatively, 
a particular assay can be exposed to agitation or other form of energy. For example, it 
maybe desirable in certain-instances to detennine whether introduction of energ}' into a 
particular system affects aggregate fonnation. Energy can be introduced in the forni of 
agitation such as stiiring, shaking, vibrating, sonicating, vortexing, or other mechanical 
agitation, exposure to electromagnetic radiation such as infrared, ultraviolet, or visible 
light, exposure to radio frequency energy, microwave radiation, or essentially anv 
electromagnetic radiation at any portion of the spectrum, exposure to heat, hi some 
instances, exposure of a system to energy will affect the rate of aggregation which can be 
indicative of the potential affect of the energy on neurodegenerative and other aberrant 
aggregation disease processes. 

The colorametric techniques facilitate another aspect of the invention that 
involves correlating drugs or candidate drugs with activity as a function of time or as a 
function of aggregate fonnation in coraiection with aggregate-forming biological 
processes. One embodiment of the invention involves providing particles and binding 
species capable of binding aggregate-foiming species fastened to or adapted to be 
fastened to the surface. The particles and binding species are exposed to a candidate 
drug suspected of affecting fibril fomation. A first obseivable feature of the particles is 
detem-iined indicative of effectiveness of a candidate drug in affecting aggregate 
fonnation at a first point m time. Then, at a second point in time, a second obser^'able 
feanare of the particles is determined indicative of effectiveness of a candidate drug m 
rfferimr .gprep.i. fr-:r.^uc^r, cc:,nr^,nec ,c iha> panicle: ..■■]- ly,- u 

each other to vandng degtees, or will become otherxvise immobilized with respect to 



wo 02/01230 



PCT/USOl/20232 



-44- 

each other by being bound to a conunon surface. The candidate drug may be one that is 
suspected of inhibiting fibril foiTnation, and the deteimining steps involve determining 
first and second obser\'able features of the particles indicative of effectiveness of the 
candidate drug in inhibiting aggi egate formation at the first and second points in time. 

5 Alternatively, the drug can be suspected of enhancing aggi-egate fomiation and its ability 
to do so can be deiennined at first and second points in time. The assay can involve 
exposure to auxiliary' aggregate-fomiing species. 

The obsen'able features include directly visibly-identifiable changes (e.g., color 
change due to colloid aggi egation or other direct visibly identifiable change described 

10 herein such as fluorescence quenching, etc.) The technique can be automated as well, 
involving spectroscopic detennination of color change. 

The first and second points in time, in one set of embodiments are relatively 
large. Specifically, tliey differ in time by at least 1 day or at least 1 .5 days, or even at 
least 2 days. This set of embodiments can be useful in identifying drugs that may be 

15 particularly effective at late-stage aggiegate associated physiological processes such as 
disease, hi another set of embodiments, the first and second points in time differ by no 
more than 20 minutes, or less than 10 minutes, or less than 5 minutes or 1 minute, or 
even less than 30 seconds. This set of embodiments can be used to identify drugs that are 
particularly effeciive at verj' early-stage aggregate processes. 

20 One advantage of this teclmique of the invention is that it can be conducted in a 

"one pot" assay. That is, the first and second obseivable features can be deiermined 
without disrupiion or agitation of the assay or exposure of external energy to the assay 
during and betAveen the first and second deiennining steps. With this in mind, 
spectroscopic determination of an obserx^able change preferably is done using visual 

25 spectroscopy. This is convenient because the assay looks for a change in the visible 
range (pink to blue), and visible spectroscopy does not add significant energ>' to the 
system. Even as visible spectroscopy is used, it is prefeired that short spectra are taken at 
separate points in lime, rather than exposing the assay to spectroscopic energy for long 
periods of time. 

Thr ohsr'-TihU feanire^ of ihr i^a--::r]f' --idirative of iheiy hindinf ri?inn. and 
thereby the effeciiveness of the candidate drug can be determined, if speciroscopically, at 
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leasi two different wavelengths. For example, blue and pink each can be monitored to 
inonitor a decrease in blue and an increase in pink. 

Obser^'able features also can include the fonnation of reticulum, i.e., visible 
obserx'ation of aggiegate fonnation. 

hi another embodiment, the plurality of particles aie exposed to the sample and an 
extent of aggregation of the particles is deteimined at least five hours afier the exposing 
step. This can be done, also, at least 1 0 hours after the exposing step, at least 15 hours, 
or at least 20 hours after the exposing step, hi one step of embodiments no determination 
of aggregation occurs before these periods of time. 

In another set of embodiments, the particles are exposed to the sample and 
aggregation is detennined no later than one minute after the exposing step, or no later 
than 30 seconds, or no later than 1 0 seconds after the exposing step. 

As noted, this aspect of the invention can involve deierinination of drugs 
particularly usefiil for treatment of patients at different disease stages. This leads to one 
method of the invention involving administering, to a first patient exhibiting symptoms 
indicative of a first stage of a aggregate-associated process, a first drug for treatment of 
the process, wherein the first drug, upon exposure to an assay indicative of potential for 
effecting fibril formation, exhibits a first characteristic of affecting fibril fonnation. A 
second patient exhibiting s>'mpioms indicative of a second stage of the process is 
administered a second drag, wherem the second drag, upon exposure to the assay, 
exhibits a second characteristic of affecting fibril fonnation. The aggregate-associated 
process can involve neurodegenerative disease, non-neurodegenerative disease, or non- 
disease processes. Additionally, changes in pH, salt and/or buffer concentration, etc. can 
be used to alter the rate of aggi egaie fonnation. This can be useful techniques of the 
invenlion, described below, involving coirelation of aggiegate size or fonnation progiess, 
to effectiveness of certain drugs. 

The invention also involves using a cell that can produce an aggregate-forming 
species for a variety of puiposes. hi one technique, the cell can be exposed to a candidate 
dnig for inhibition of aggjegation-associated physiological processes such as 
npnronppenerat'v, dice^.c . a^r ihf miential of mfnerini- prn.inrer 1- thc cel^ foi 
formaiion of aggiegates chai-aci eristic of neurodegenerative disease can be monitored. 
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This can be useful for detemiining the effectiveness of the candidate drug for inliibition 
of the disease. Other techniques can be carried out as well. Use of a cell itself, rather 
than simply isolating aggregate-fomiing species produced by the cell and testing those 
species, allows one lo carry out experimenis and monitor drug efficacy in real time. This 
5 provides several advantages, including techniques that are simple, inexpensive, and 
rapid. One lecluiique involves monitoring the production, e.g.. secretion, of 
neurodegenerative disease aggregate or fibril-foiming species fiom the cell as a function 
of lime, for example over periods of time including 5 seconds, 30 seconds, and other 
small-time inten'als including any number of minutes up lo 1 day, and over longer 

10 periods of time including any number of days up to a week or even longer periods 

including 2 weeks, 3 weeks, etc. Monitoring production of these species by cells as a 
function of lime allows detemiination of drug activity profiles as material is continually 
produced over time, i.e. ability of the drug to continually act in response to newly- 
produced material. Drug efficacy as a fimction of time also can be studied. This can 

15 allow detemiination of the effectiveness of the drug in acting in response to different 
materials produced by the cell at different points in time, for example points in time as 
described above. Also, stability (thermal) of the drug as a function of time can be 
determined, as can capacity' of the drug to act upon increasing levels of materials secreted 
by the cell, eic. 

20 Methods of the invention need not be limited to cells that have the capability lo 

secrete aggregate-forming species. Alieniatively, cells that produce or retain aggregate- 
forming species intracellularly. can be lysed prior to colloid addition. Although tliis 
aspeci of the invention is described for a neurodegenerative disease, it applied to non- 
neurodegenerative disease, and other non-disease processes; the cell may have the ability 

25 to produce or retain any aggregate-fonning species or precursor of an aggregate-forming 
species. 

In addition, assays can be constructed in different ways to derive infomiation at 
different points in time relative to production of material in the cell. For example, a cell 
can be made to produce aggregate-forming species in the presence of a pre-mixed assay 

mrhidm: rollnid^ nloi-f ^^^i^h bii-jnin;- rperie: fsFienec o: fanen;^M.- lo ihc rolloiri^.n: 
colloids and/or binding species can be added at any point in time in the process. 
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The leclmique also allows for the detennination of the effectiveness of a 
candidate drug in affecting aggregate fomiation, where a specific mechanism associated 
with the formation may not be Joiown. A candidate drug may be determined to be 
effective in affecting agg>-egate formation by affecting the production of the species by 
the cell, or affecting aggiegate fonnation after aggr egate forming species have been 
produced, or affecting of any stage of the process. Stages of the process can include 
transcription, translation, post-transJationa] modification, and secretion. 

The tecbiique also allows for the monitoring, e.g. visualization, of the 
effectiveness of a candidate drug m affecting aggregate fomiation over time withoui 
interx'ention. In the assay described, no translation of any assay component, such as 
pipeting, agitation, or transfer of solution, is requn ed. This can more effectively simulate 
the natural, biological environment, and thereby more effectively identity drugs that are 
effective in a natural environment. In this aspect of the invention any of the 
deiennination/visualizat^on teclmiques described herein can be used, e.g. visualization 
with the unaided human eye of colloid/colloid aggr egation, spectrophotometiy, light- 
scattering, and other techniques described herein. Preferred techniques are visual 
inspection of a cell-containing medium to detennine whether the medium remains pink 
m the presence of colloids, indicating no agg, egate or fibril foimation, or changes to 
blue, indicating colloid aggregation indicative of the presence of aggi-egate-forming 
species, or any color indication on the spectrum between pink and blue indicative of a 
conesponding intennediaie state. 

The teclmique also can involve visual or other detection of localization of 
aggiegate or fibril fonnation, topically in concentrated areas suiTounding cells, where a 
higher level of aggregate or fibril-forming species typically exists. Localization of 
aggregate or fibril-forming species can be seen as areas of increased peptide or colloid 
reticulum or as areas where the solution has cleared adjacent areas of increased 
peptide/colloid reticulum due to drawing of the aggi egate or fibril-forming species into 
the areas of reticulum. The ability to observe aggregation around individual cells or . 
clusters of cells allows for a more accurate assessment of the efficacy of a paiticular 
dnn ^ve.nf^c^]^^ '^^^^'^'^^"'^-^^ efficary cn. b. n.o„„,,ed more readi^ Po- 
example, an assay can be conducted without knowledge of the number of cells involved 
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where a pattern of reticulum is easily recognizable and associated with a particular cell. 

This technique also allows for deteimination of the toxicity of a candidate drug 
with respect to a cell. 

The present invention also provides a series of assays and kits involving colloid- 
5 colloid interaction. Assays of the invention first and second colloid particles that are 
allowed to become immobilized with respect to each other, or are prevented from 
becoming immobilized with respect to each other. Assays can indicate binding 
interactions, can involve enzymes that facilitate binding interactions, enzymes that 
cleave, drugs that inliibit binding interactions, or essentially any other binding 

10 interactions, the existence or lack thereof desirably being determined. Although this 
aspect of the invention is described with respect to first and second colloid particles 
becoming immobilized with respect to each other, generally many colloid particles would 
be involved in a particular assay, and obser\'ed to detennine whether aggi'egation of the 
colloid panicles, characteristic of binding between them or binding to a common surface, 

]f occurs. Where aggi'egation does not occur a solution in which colloid particles are 

suspended remains pink. Where aggi'egation does occur, the solution will become blue 
or puiple, and in many cases a visible reticulum (visible aggregation) will result. The 
reticulum can be determined visibly with the human eye, or microscopically. 

One advantage of this aspect of the invention is that color change, or lack thereof, 

20 can be deteniiined speciroscopically. For example, a particular assay can be established 
for the detennination of the ability of a candidate drug to inhibit binding betv\'een fn si 
and second species. The first and second species can be immobilized relative to (e.g., 
directly fastened to colloid panicles), and the panicles can be provided in separate 
containers (e.g., separate wells of a multi-well plate), and exposed to different candidate 

2: diTigs. The wells can be measured spectroscopically for a change in absorption at a 
particular wavelength indicative of a color change resulting from colloid aggregation. 
Thus, one significant aspect of the invention involves automatically, via instrumentation, 
deiennining aggregation of colloid particles indicative of binding interaction or 
prevention thereof. In this and other assays of the invention species can first be 
:r-imnhi:izer yrlariA^r ir k i IriFiener lo^ collojr panirie- rinr then exposed K ; 
candidate drug, enzxine, or other species that may inhibit or facilitate binding, followed 
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by exposure to the candidate di-ug or eiiz^me. Or first or second chemical or biological 
species can first be exposed to a candidate drug, ejizyme, or the like followed by 
exposure to colloid particles to which the first and second chemical or biological species 
have the abilit)' 1o fasten or become immobilized. Regardless of the order in which steps 
of assays of the invention are canied out, colloid-colloid aggregation is indicative of 
binding interactions or prevention thereof, and can be automated. 

A variety of signaling entities can be immobilize relative to colloid particles, if 
desired. Signaling entities presented on colloids can be fluorescent molecules. 
Fluorescem-conjugaied antibodies and other iliioi escent fiision proteins, including gi een 
fluorescent proteins, are widely used in biomedical research and testing. These 
fluorescent proteins and molecules can easily be attached to gold colloids that also 
present putative binding partners either through affinity tags, EDC/NHS chemistry or by 
binding to a His-tagged protein A or G presented on NTA-SAM-coated colloids 
according to the invention. Signaling entities stich as fluorescent moieties also can be 
co-immobilized on a colloid via a biotin terminated ligand, or may be fastened via a 
chelate/metal/metal binding tag linkage. A fluorescent moiety may also be fastened by 
attaching it to an antibody and using a chelale/inetal/metal binding tag with His-protein G 
to bind the antibody. The moieties can then be dn ectly detected. Alternatively, one set 
of colloids bearing a first ligand bears a fluorescence moiety while a second set of 
colloids is derivaiized to present a putative bindmg panner and a quenching moiety. If 
the ligand-recepior pair interact, then a measurable quenching of the fluorescence signal 
results. Dj-ug candidates can be tested for their abihty to disrupt these interactions. 

First and second chemical or biological species can be immobilized relative to 
first and second colloid particles respectively, and other chemical or biological species 
can be immobilized with respect to other colloid particles in such studies.' ]ji some cases 
the first ajid second chenn-cal or biological species will be identical, i.e., a plurality of 
colloid particles will cairy the same immobilized entities. In other cases entities will 
differ. Chemical or biological species can be fastened directly to colloid particles, e.g., 
by being covalently attached to a SAM-fomiing species that fastens to the particles, o" 
car h< i--obi!:;;er -ci^nvc k c ollcic panicle: > .. .. 1:-. beu^j iasuncc u coilo^r 
particle, via another colloid particle. For example, a chemical species is immobilized 
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^vith respect to a colloid particle if it is fastened lo another colloid particle that is itself 
fastened to the colloid panicle. In one set of embodiments, colloid aggregation is studied 
using chemical or biological species that are inmiobilized. or adapted to be immobilized 
relative to colloid panicles by a binding interaction that does not involve a nucleic acid 
5 sequence bindmg to a complimentary nucleic acid sequence. 

A varierv' of studies involving colloids/colloid aggregation can be earned out in 
accordance with the invention. One set of assays mal<es use of the effect of an absorptive 
or emissive species^ immobilized with respect to a colloid particle, by a second species 
that is immobilized with respect to a second colloid particle, brought into proximity or 

10 removed fi*om proximity of the first colloid panicle by binding, cleavage, or other 
interaction desirably studied in accordance with the invention. For example, a 
fluorescent molecule may be immobilized with respect to a first colloid pailicle and a 
chemical species havmg the ability to quench fluorescence of the fluorescent molecule, 
i.e., effect emission of the fluorescent molecule, can be provided on a second colloid 

If. particle. Then, first and second species immobilized with respect to the first and second 
colloid particles, if they bind to each other, will bring the first and second colloid 
particles into proximity with each other, causing quenching of the fluorescent molecule. 
If the first and second species immobilize with respect to the first and second colloid 
particle, each can bind lo a common analj^e, tl:ien presence of the analyte will cause 

20 quenching of fluorescence, and absence of the anahne will avoid quenching. 

A drug candidate may be st\idied for competition with the anal>1e for binding of 
one of the species, or binding with one site on the anahne. In this case, the anahne may 
be provided as a known species. Presence of the diaig candidate will thus inliibit 
inmiobilization of the first and second colloid panicles relative to each other, thus will 

25 inhibit quenching. Aliemative embodiments involve enhancing emission or shifting the 
wavelength of emission or absolution of a first molecule, by a second molecule on a 
second colloid particle. 

This colloid/colloid aggregation technique can be used to identify the binding 
partners of drugs or proteins of interest. This can be accomplished by attaching the drug 
o'-proiein lr orn' r.-^.lloid.* and ^^osribl*' hirjci::*/ navinerf ir othej sei^ r; rolloiii? anc 

assajdng for a binding interaction between the two seis of colloids. Once a biological 
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target of a drug or protein has been identified: candidate drugs can be added to the assay 
in the presence of the colJoid-attached binding partners to disrupt binding of the drug or 
protein to llie cognate ligand, allowing identification of synthetic mimics of the drug or 
protein on the first set of colloids. This leclmique is very usefiil in identifying the 
biological target of orphan drugs or uncharacterized proteins for diagnostic or dj-ug- 
screening pmposes. This teclinique will also allow identification of synthetic 
replacements or "inimics" of cunenlly used drugs that are expensive or difficult to 
produce. 

hi one embodiment, an angiogenesis inhibitor is attached to one set of colloids 
(via an affinity tag linkage, chemical coupling, or nonspecific adsoiption), and its 
biological target is attached to another set of colloids. For the unique case of an 
angiogenesis inhibitor that has two or more ligand-binding sites, such as endostatin, the 
ligand may be attached to one set of colloids and the angiogenesis inhibitor may be added 
in solution. Drug candidates are added and assayed for their ability to disrupt the binding 
inleraction. Any drug that inliibits the tnieraction is then attached to a third set of colloids 
and assayed for binding to the angiogenesis inhibitor and the biological target of the 
angiogenesis inhibitor. A drug that binds to the biological target of the angiogenesis 
inhibitor and inhibits binding of the angtogenesis inliibitor to its target can be deemed a 
"minnc" of the angiogenesis inhibitor, and maybe used as a replacemem drug. This 
assay may be used to screen for mimics of virtually any drug. It is of specific interest for 
drug screenmg for synthetic replacements of angiogenesis inhibitors, which are both 
costly and difficult to produce. The assay can be used to identify synthetic replacements 
for endosatatin, tlirough disruption of llie endostaiin-vitronectin or endostatin-RGD- 
piptide interactions, angiostatin, through disruption of the angiosiatin-ATP-synthase or 
angioslatin-viironectin interaction, or TNP-470 through disruption of the TNP-470- 
melhionine-aminopeptidase interaction. As in other colloid/colloid assays, color 
change, fluorescence quenching, or other emissive molecule enhancement or suppression 
and the like can be indications of a result. Study of RGD/endostatin interaction is 
described in example 18 below. 

^r,lloir^^o^loi^•appr^p^r!.-.- lerhniniu ahr car b,= vser 1o- di.cr.ovpn 
angiogenesis inhibitors or ligands involved in angiogenesis pathways, to one assay, 
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suspecled angiogenesis iiiliibitors or proteins involved in can be immobilized relative to 
(e.g.. fastened to) a first colloid particle. Second colloid panicles can be immobilized 
with respect to molecules that have been implicated in angiogenesis and/or metastasis, 
such as basement membrane proteins, inlegi-ins. or adhesion molecules. If a particular 
5 angiogenesis inliibitor binds to the basement membrane protein, integrin, or adhesion 
molecule immobilized on the second set of colloids, then the iavo sets of colloids will 
become inxmobilized with respect to each other and the binding interaction will become 
delectable by methods of the invention such as color change, precipitation, etc. Once an 
angiogenesis inliibitor is identified by tliis method, candidate drugs for disinption of the 

10 binding can be screened. If the drugs disrupt imeraciions, then colloid particles will not 
immobilize relative to each other or will do so to a lesser degi ee. This assay can be used 
with kjiown angiogenesis inhibitors to identify or verify the biological targets of the 
angiogenesis inliibitors. Drug candidates can then be added to the assay to identify other 
drugs that act on the same biological target. 

1- Another embodiment in which colloid particles can be iirmiobilized relative lo 

each other in such assays involves colloid each being immobilized with respect to a 
common surface. The common surface can be a surface of another colloid particle 
presenting binding partners of species on the first colloid particles. The common surface 
can also be the surface of an anicle such as a membrane such as a nitrocellulose 

20 membrane, a chip surface, a surface of an article denvatized with an SAM, or the like. In 
prefeired embodiments, the surface lo which the colloid particles can bind includes 
binding sites at a liigh enough density so that if binding occurs (between species on the 
common surface and species on the colloid particles), the colloid particles will be 
brought into close enough proximity that detection (via color change characteristic of 

25 aggregation, quenching of fluorescence, or other property described herein) can occur. 

In another embodiment antibodies that recognize the HA^-related P24 protein can 
be fastened to or otherwise immobilized relative to colloid particles and exposed to a 
sample suspected of containing P24. If P24 is present, colloid particles will be brought 
into close proximity and detected as described herein. The invention also provides for 

-I srrrenin;- ofcandid:^ir drur' cirrnniion r/'P/^ aniinor- yrAc-rc-cuor. 
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Theie are many disease stales in which a protein must be post-translationally 
modified by an enzyme before it becomes functional, and the present invention provides 
teclmiques and components that can study such processes. Below are examples of 
enzjane modifications that promote a disease state. In these cases, it would be desirable 
to inJn'bit enzyme activity and, in so doing, inhibit the disease. However, there are cases 
in which one would want to accelerate enzj-me activity as a therapeutic. Caspases are 
enzymes that are involved in promoting apopiosis, which is the term for "progiammed 
cell death". Thus, it is advantageous to identif\' drugs, or biomolecules, that increase 
caspase activity and thus prog:-ammed cell death. Targeting these therapeutic agents to 
cancer cells enables the specific destruction of tumor cells. 

Enzymes whose activity can be assayed using methods of the invention fall into 
two general categories: 1) enzymes that cleave a substrate; and 2) enz>anes that add a 
piece onto a substrate. 

An example of enzjine activity that falls mto the first category, cleavage, is the 
processing of amyloid pre-cursor protein (APP). Cleavage products of APP fonn the 
aggregates and plaques associated Alzheimer^s disease, thus enzymes that modify APP, 
such as presinnehn and beta- and gamma-secretase, are important targets of therapeutics. 

Cleavage generally produces peptides comprised of amino acids ] -40 or 1-42, with the 
1-42 peptide being much more prone to aggregation and disease. 

In other cases, it is advantageous to enhance enzxme cleavage activity. ]n such a 
case it is advantageous to screen for dings or bioniolecules thai accelerate, either directly 
or indirectly, the cleavage of a certain substrate. Por example, caspases are proteases that 
are critical players m the signaling cascade that triggers apoptosis or programmed cell 
death. Therefore, it is beneficial to identify agents that accelerate or trigger the activity 
of this class of enzxme. The dj-ugs can then be targeted to tumor cells for their specific 
destruction with minimal damage to healthy cells. 

Caspase 3 cleaves the sequence DXXD/X. It has been sho\vn that caspase 3 
cleaves protein kinase C (PKC) between the regulatory domain and the kinase domain. 
This allows the caialyiic domain to famciion unchecked. This activit>' triggers apoptosis 
M^roprnmme.(^ rr-i^ ne...1h^ A^uianlc thr ],in.,.- do,,na„: of PKC die n,ppe- ihi- tvpr- 
of (p53-dependent) apoptosis. In one embodiment of the present invention a peptide ■ 
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containing the Caspase 3 cleavage site is fastened to colloid particles. For example, the 
peptide can be synthesized or expressed with affinity tags at either end of the peptide, 
with gold colloids derivatized lo present binding partners of the affinity tags. To tliis 
composition is added the enz>iTie that cleaves the substrate, either pmified or as part of a 

r mixture in the presence or absence of drug candidaies, and their effect on cleavage is 
detemiined using teclmiques described herein with respect to colloid/colloid interaction. 
DiTigs that stimulate cleavage, thus stimulate apopiosis, can be screened and identified, 
also using techniques described herein. 

Another example of an enzyine that cleaves a substrate that could trigger 

]0 apoptosis is now described. A complex comprised of cyclin dependent kinase 5^^ (cdk5) 
and p35^' are required for certain critical cellular processes in neurons. However, 
cleavage of p35 to p25 by the enzxTOe, calpain, creates the new protein complex 
p25/cdk5'^. This new complex is improperly localized and is constitutively active. The 
complex hy'perphosphoPy'lates lau which disrupts the c\noskeleion and triggers apoptosis 

1.^ in neurons. It has also been implied that cleavage of p35 to p25 can be enhanced by 
addition of beta-amyloid peptide 1-42. 

It is clear that a drug able to inhibit cleavage of p35 would be useful as a 
therapeutic. For this reason it would be advantageous to identify agents that inhibit 
cleavage of p35 by calpain or other modifiers. The following is a prophetic example 

20 demonstrating how tlie present invention can be used to facilitate high tlrroughput 
screening of di*ugs lo inliibit p35 proteolysis. 

P35, which is the substrate for the e^izyme calpain, is adapted (if necessary) to 
facilitate fastening, either directly or indirectly, to separate colloids that have also been 
derivatized to facilitate this fasteiring. For example, recombinant p35 protein could be 

2f expressed with a histidine tag at one lenninus for attachment to a first gold colloid 
bearing NTA-Ni (which binds His-tags) and recombinantly fused to Glutathione-S- 
transferase (GST) at the other end for attachment to a second colloid bearing Glutathione. 
Alternatively, p35 could be spontaneously attached lo a second colloid that has been 
derivatized to present an antibody against a portion of p35. 

- Iniliall; ih- "':nr!ifier Avoiilr: noi h( ]r,:y^-r v:ih th*- ro]l^jd^ Krilhc: ^:]^cu^l^ 

of p35 are separately incubated with calpain and a panel of drug candidates, suspected of 
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having the ability lo iri.ibit p35 cleavage by calpain. Following a suitable incubation 
period, two populations of gold colloids derivatized to simultaneously bind to two 
separate sites on the substrate, p35, are added. If when the gold colloids are added to the 
solutions, they re„.ain the characteristic pinJ. of the colloids fi-ee in suspension, then one 
can conclude that the substrate was cleaved and thus could not act to link t^vo or more 
colloids into a colloid-peptide reticulum. If however, the solution m-ns from pink to 
blue, then one can infer that p35 was not cleaved, simultaneously linked 2 or more 
colloids together and that the drug candidate effectively inhibited calpain cleavage. 

Alternatively, rather than moni,or color change, one can obse,-ve the assay under a 
microscope to determine M^hether or not a peptide colloid reticulum had been fonned A 
drug that inhibited p35 cleavage would preserve the continuity of the peptide and leave 
both recognn.on sites com:ected to each other and to two separate colloids. 

ha another aspect of the invention, beta-amyloid peptides (1-40 or 1-42. either 
soluble or „. pre-formed aggregates) are added to the assay, along with the p35 substrate 
punfied calpan., a lysate containing calpan. or a Ij^sate contanmtg the cleavage activitv 
and drug candidates suspected of inliibiting cleavage. 

It is not intended that the invention be limited by a spedfac enz^a.1e or by using 
imact p35. Any portion of p35 that contatns the cleavage site would be suitable for use 
as the as.say substrate. Further, the substrate can be modified with any functionality that 
fachtates the stmultaneous attachment of the substrate, directly or tndirectly, to t^vo 
collotds. The substrate can be modified with affinity tags, affintty sequences, biotin, and 
the hke. It ts prefened, but not requned, that the substrate be modtfied with two different 
affintty tags ,o dtscourage bindtng of two sttes on the peptide to two sttes on the..;,;, 
collotd. Alte,.atively, the substrate can be unmodified but attached to two colloids via 
anttbody recogt.ition. Calpain can be added to the assay either tn purified form or mixed 
wtth other enz>a.es, as in a cell lysate, and proteins, including beta-amyloid peptides. 

The assay can readily be multiplexed by perfomiing in 96-well plate fomtat 
and/or by analyzing on an automated spectrophotometer. 

Another example of an enz>.ne that can be studied in accordance wtth techniques 
r: .1. n:-.en.o:-.. j,^.,,,^,^^^ ^..n.^ m^t^llc- pro.e.n: o:p:-e.se.: or th. 

surfaces of cancer cells, and are „.volved tn cleavage of membrane proteins which is 
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implicated in the progression of cancer and metastasis. In one technique of the invention, 
a substrate that can be cleaved by a matrix metallo protein (such substrates are kaiouoi in 
the art) is modified for immobilization relative to two colloid particles. Exposure of 
this an-angement to the matrix metallo protein, in the presence of a candidate drug for 
inhibition of cleavage activity of the proiein, indicates effectiveness of the candidate 
drug. Where the candidate drug effectively inliibiis matrix metallo protein activity, the 
an*angemenl will be blue (aggregated colloids), and where the candidate drug does not 
effectively inhibit matrix metallo proiein activity, the an-angement will be pink 
(dispersed colloids). 

An example of en2>ane activity that falls into the second categor>'. addition, is the 
modification of the cancer-associated protein, Ras. Faniesyl protein transferase is an 
enzyme that adds a lipid-like group to Ras. This modification allows Ras to embed in the 
membrane and become functional, hi this particular case, it becomes oncogenic, the 
substrate as with FPT, affinity tags or binding agents are added to each separate part of 
the substrate, such that a substrate bearing two tags will only result from the enzyme 
perfonning its function, hi the specific case of the protein Ras, it can be recombinantly 
prepared with an affinity tag such as (His)6 at the N-tenninus to facilitate the later 
attachment of one colloid to the protem. The lipid-like group that the enzNine adds is a 
famesy] p^Tophosphate, which is easily sxmihesized in the lab with an affinity tag like 
biotin attached distal to the site of attachment to Ras. The affinity tagged Ras and the 
affinity tagged addition gi*oup are mixed with the enzyme and a di*ug candidate. After 
allowing suitable time for the reaction to proceed, colloids bearing binding paiiners for 
each affinity ligand are added to the test solution. Again an inliibition of the piiik to blue 
color change indicates that the drug candidaie inliibited the enzyme activity. 

One aspect of the invention involves deiermining colloid/colloid interactions, 
indicative of binding interactions beiAveen species immobilized with respect to colloids. 
The ability to form SAMs on colloids in accordance with the invention is one technique 
for linking species to colloids for such studies. Colloids can be linked to species 
desirably snidied for their ability' to bind to each other, such as biologically-relevant 
bindinr- na-tne:-- yv.cy, :it l:c?:nd^ anc rercTior: n: car car:" • linliec ?per:e' ih^r n;r:;- ha^ e 
the ability to bind \o a coirunon entity, or which can each link to a species immobilized 
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with respect ,o another colloid particle. This finds use in d^-ug studies as well. Species 
for study can be ]inJ<ed to colloids by any ,ech.iique described herein, e.g. n^etal bindino 
tagAnetal/chelate linkages. For exa^nple.. n.eta] binding tags such as histidine-tags can be 
attached to ligands and tagged putative binding partners can be incubated together with 
NTA/NiCn) presenting colloids. A visible reticulun. (aggregation visible by the hun.an 
eye, by nncroscopy, etc.) will result if the two components are binding partners 
Alternatively, the putative binding panners can be GST fusion proteins that would bind 
to glutathione presented on the colloid. Other li,^ers usefo,! for attaching a bindin. 
species or.other participant in assays of the invention to a surface include affinity tl.s 
Affinity tags are well-la:own species used widely in biology, biochemist^', etc. 

hi one embodiment, compositions and methods can be used to detect target 
protems and their interactions with other proteins, nucleic acds and small molecules It 
IS not meant that the invention be limited to studying interactions that involve proteins 
The methods described herein can be applied to the detection of any two species 
.nteractmg with each other. As described elsewhere in th,s mvent.on, gold colloids have 
tlie mtrmsic optica] property that they appear pink when dispersed in a homogeneous 
solution. However, if the colloids are forced into close proxmntv to each other, then the 
solution lurns toward the blue end of the spectrum. Pro.ems can be attached to cold 
colloids by a variety of methods described herein. The assay need not be limited to the 
detection of dn-ect interactions. Ligands attached to colloids may cause the colloids to be 
drawn close together when the ligands recognize a common target, which may be a 
complex of biomolecules rather than a single target molecule. 

Protein-colloid reticulums are also cleariy visible in solutions that contain lisand^ 
and their binding partners, attached ,o colloids. Proteins or other molecules can be 
attached to colloids in a variety of ways including but not limited to attaching an affinit,, 
tag ,o the protein or molecule of imerest and attaching a binding partner for the affinitv 
tag to the colloid. Peptides lermmaled in with a sulfur can be directly attached to .old 
colloids or incorporated into self-assembled monolayers fonned on colloids In a 
preferred embodiment, colloids are denvatized with self-assembled monolayers (SAMs) 

recombinant proteins of imerest. For example, proteins can be expressed as fusion 
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proteins such that they contain a label such as glutathione-S-transferase (GST). 
Gluiathione,. which is the binding partner of GST can be easily attached to a thiol ajid 
incoiporated into a self-assembled monolayer on the surface of a gold colloid. 
Alternatively, unmodified proteins can be covalently attached to colloids bearing exposed 
carboxylates via EDC/NHS coupling chemistiT. 

The invention also anticipates mixing a drug candidate with colloids presenting 
molecules that either directly or indirectly bind to each other and detecting a diminution 
of the color change fi om pink to blue or a reduction in the extent of visible reticulum 
formation. Conversely, methods of the invention can be used to identify molecules that 
facilitate the binding of tAvo molecules to each other, either directly or indirectly. 

The function and advantage of these and other embodiments of the present 
invention will be more fully understood from the examples below. The following 
examples are intended to illustrate the benefits of the present invention, but do not 
exemplify the full scope of the invention. 
Examples 

The following examples sen'e to illustrate certain embodiments of the present 
invention and are not to be construed as limiting the scope thereof 
In the experimental disclosure which follows, the following abbreviations apply: eq 
(equivalents); fi (micron); M (.Molar); f.iM (micromolar); niM (milhmolar); N (Nonnal); 
mol (moles); mmol (millimoles): /^mol (micromoles): lunol (nanomoles); g (grams): mg 
(milligrams); /ig (microgi'ams); ng (nanograms); L (liters); ml (milliliters); ^1 
(microliiers); cm (centimeters); mm (millimeters); ixm (micrometers); nm (nanometers); 
nM (nanomo]ar);'C (degrees Centigi ade); PBS (phosphate buffered saline); U (units); 
d (days). 

These examples describe techniques that are applicable to the investigation of 
aggi egaie fonnation of any tj^pe, whether it relates to neurodegenerative disease, non- 
neurodegenerative disease, or non-disease processes involving aggregation. With the 
benefit of the description herein, those of ordinar>' skill in the art can readily alter the 
examples below and apply them to any number of neurodegenerative or non- 
neuronprenerati^'r diFei-irey irr'*<'"-^^ :]'.r arrrf faliori. and no]'-d;!^r;^.S' ;--f:cTeL:?,lion 
processes. 
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Example ] : Spectrophoiomeiic Detection of Fibnls 

In this example, 100 ^^L aliquots that contained 14 fJM His-A/S (1-40) peptides 
and 30 /xL of NTA-thiol colloids were incubated with either ] of AjS fibril seeds, 50 
pM A^, fibril seeds or no fibrils. The mixtures were incubated at 37°C for 0.5 hours then 
transferred to a cuvette and placed in a Hitachi U-2000 Spectrophotometer. For each 
aliquot, the absorbance at 569 nm was recorded, then the cuvette was removed, rapped 
sharply against a hard surface to accelerate peptide incoiporation into the fibril, allowed 
to rest for 10 minutes then re-scaimed at 569 njn. A sharp decrease in absorption at 569 
(as the fibrils precipitated out of solution) was obsewed for the solutions that contained 
fibril seeds, while those that contained only peptide remained stable (Figuj-e 3). The 
height of the bars in the giaph are the ratio of the initial measurement to the second 
measiuement. 1) l^M of A^ fibril seeds (striped bar) and no fibrils presem (solid bar): 
and 2) 50pM A/3 fibril seeds (striped bar) and no fibrils present (solid bar). The analysis 
process can be automated by using an absoiption spectrophotometer that is compatible 
I."^ with a multi-well-plated format. 
Example 2: Colloid Pren -gratinri 

hi this example, 1 .5 ml of conxmercially available gold colloid (Auro Dye by 
Amersham) were pelleted by centrifaigation in a miciofuge on high for 10 minutes. The 
pellet was resuspended in 1 00 /iL of the storage buffer (sodium citrate and tAveen-20). 
] 00 nL of a dimethyl formamide (DMF) solution containing 40 ixU nitrilo tri-acetic acid 
(NTA)-thiol, 100 MM fenocene-thiol, and 500 carboxy-tenninated thiol was added 
(the ferrocene signaling entity is optional). Following a 3-hour incubation in the thiol 
solution, the colloids were pelleted and the supernatant discarded. They were then heat 
cycled in 100 of 400 /tM tri-ethylene glycol-terminated thiol in DMF for 2 minutes at 
55'C, 2 minutes at 37X, 1 minute at 55°C, 2 minuies at 37°C, then room temperature for 
1 0 minutes. Heat cycling results in the elimination of any species that are not m the 
lowest energy confimiation, resulting in a stable, close-packed, self-assembled 
monolayer. Heat cycling can be earned out with any of a wide variety of self-assembled 
monolayer-fonning species. The colloids were then pelleted and 100 /iL 1 OOmM NaCl 
"hnsphau h\:Tiv: ^^ ^ccicc ^^ho rolloiri! v.er. ihe:. ci]x:w.c. ] .] v.iih ]^( ^■■i^:c -, 
the colloid storase buffer. 



20 



wo 02/(H23(l 



PCT/USOl/20232 



-60- 

Example 3: Fonnalion of a SAJ^d-coded Electrode 

In some of Ihe embodiments described below, the examples involve 
formation, collagen coating, cell growth, colloid foimation, and Allemating Current 
Vo]tammeiT>' (ACV). For SAhi fonnaiion, glass microscope slides were sputtered with a 
5 layer of Ti followed by a layer of Au. Each electrode was incubated at RT for 0.5 hours 
with 300 fiL of a DMF solution that contained 10% methyl-tenninated thiol (HS- 
(CH2)]5 CH3), 40% tri-ethylene glycol-ierminaied thiol, HS(CH2)ii(CHoCH2)30H, 
(fonnula) and 50% poly (ethynylphenyl) thiol (C16H10S). 2 ml of 400 i^iM tii-ethylene 
glycol-lenninated thiol were then added to a scintillation vial containing the chip and the 
10 vial was heat cycled in a water bath as follows: 2 minutes @ 55**C; 2 minutes @ 37**C; 1 
minute @ 55**C; 2 minutes @ 3TC then RT for 1 0 min. Electi-odes were then dipped in 
EtOH, then sterile PBS to rinse. 

Example 4: Assav Demonstrating Extremely Sensitive Detection of Aggregates 

Pre-fonned aggregates, characteristic of neurodegenerative disease and other 
15 diseases characterized by abeirant protein aggregation, and other non-disease processes, 
can be sensitively detected by momtoring color change and visible fibril formation as a 
function of time. 

Gold colloids were derivatized with nitrilo tri-acetic acid/nickel self-assembled 
monolayers (NTA-Ni-SAAd^s), for the capture of histidine-tagged proteins, as described in 

20 Example 2. Colloids were coated with a low density of NTA-Ni (40/iM NTA-thiol in a total 
thiol concentration of lOOOrM) to inliibit the aggi-egation of nearest neighbor peptides, 
immobilized on a common colloidal particle. 30fih aliquots of the derivatized colloids were 
placed in wells of a 96-weIl plate. Histidine-tagged i8-amy]oid peptides (amino acids 1 -40) 
were dissolved in phosphate buffer pH 7.4. then added to the colloid solutions such that the 

25 final concentration in a 1 00/xL volume was 1 4uM. Pre- formed fibrils, made fiom synthetic 
non-histidine-tagged ^i-amyloid peptides, were serially diluted and added to the solutions 
such that the final concentrafion of fibrils varied from 330 nanomolar to 50 picomolar. For 
every assay (each well), a negative control assay, in which no fibril was added, was 
perfonned (Figure 4). Solutions were incubated at 37° C for 1 hour and care was taken not 

characteristic pink color of gold colloids, to a deep purple/gray. Solutions that contained 
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hisitidine-iagged ^-amyloid (]-40), but no pre-fonned fibrils changed to a lighter puiple 
color, and at a slower rate than solutions to which fibrils were added. Dark masses, in the 
centers of wells that contained pre-formed fibrils, were clearly visible with the unaided eye 
(Figure 5). Obsen-ation using 40-fold magmfication with a dissecting microscope revealed 
large, pui^Dle reticulums. Tliese aggi-egaies were clearly susjDended in the fluid medium rather 
than sedimented onto the bottom of the plate. Negative control wells showed a grainy 
precipitate, but no la.-ge aggi-egaies. Visual examination allowed us to discriminate between 
wells that contained pre-fonned fibnl and those that did not, down to an added fibril 
concentration of 50 picomolar (Figxire 6). Results were recorded by photog.-aphs taken with 
a Nikon camera (ASA SOO film) attached to an inverted microscope at 40-fold 
magnification. 

Examnle 5: Visuahzatio n UsinP rnllnid^ 

At higher peptide and fibril concentration, large colloid-decorated fibril sti-uctures 
are visible. 

Colloids bearing 40/iM NTA-Ni SAMs were prepared as described in Example 2. 30/.L 
aliquots of colloids were added lo wells of a 96-well plate. Histidine-tagged /?-amyloid 
peptide (1-40) was added to achieve a final concentratioii of 20mM in a final volume of 
] OOmL. Histidine-tagged ^-amyloid peptide was added such that the final concentration was 
20/.M m a final volume of ] 00^^. Pre-fonned ^S-amyloid fibrils were added such that the 
final concentration was l/tM. The sample was incubated at 37 degrees C for 20 minutes 
then rapped shaiply three times lo accelerate aggregation. After ] hour continued 
inctibaiion, at 37 degrees C, large colloid-fibril structures were clearly visible with the naked 
eye (Figure 7A). As colloids agglomerated onto the fibrillar structure, the surrounding 
solution cleared (no pink color). As a negative control, instead of a binding species fastened 
to the colloids, an irrelevant prolem was fastened. The results are shov^i in Figure 7B. 
Exaiii ple 6: Drug Screening 

We detennined conditions under which histidine-tagged /3-amyloid (1-40) peptides 
would fonn aggregates. Drug candidates fi-om the Sigma Aldrich RBI drug hhrary were 
separately added to each assay solution lo determine which drug candidates inhibited fibril 

30MV,a:K.:. characiensu. c: A.ij^cm^ej r aiseast. L-oiiOio: ocarm. Kl A-Ni- SAj.(i: 
O^reviously described) were added as a method to visualize results. 
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To each well of a 96-well plaie were added: 30/xL of NTA-SAM bearing colloids, 
65/xL of a 10.7/xM solution of hislidine-lagged jS-amyloid (1-40) peptide (6.6/xM final 
concentration), plus 5/xL of a drug candidate such that the final concentration of each drug 
would be betAveen 1 00-200/xM. Plaies containing solutions were incubated at 37 degrees C 
for several hours. During this lime, plates were visually examined and photos were taken 
lo record progress periodically. 
Results: 

Color change (from pink lo bhie) predicted which drugs inhibited fibril fonriation. 
At about 2 horn s incubation lime, one could clearly see with the unaided eye which wells 
contained drugs that had inhibited fibril formation by comparing the color of the solution to 
wells that contained positive control, i.e., no drug added and negative control, drug added 
but the histidine-tagged peptide was GST, not /8-amyloid. 

Colloids agglomerated onto fibrils in the wells also enabling the identification of 
wells that contained drugs that inliibited fibril formation by noting the lack of visible 
aggregates in the wells. 40- fold magnification enhanced the ability to discriminate between 
the action of drugs in different wells. 

Figure 8 is a photocopy of a photograph of a small molecule librarj^, rack 1 after 72 
hours incubating at 37 degrees C. Tlie wells on the right-most side of the plate (coluirm 12) 
are negative control wells that remained pink, in which His-tageed GST replaced the 
amyloid peptide. The next column to the left, column number 1 1 was the positive control 
that contained His-tagged /S-amyloid and no dj'ug candidate. Well G9 remained bright pink, 
indicating that the compound within that well iiiliibited fibril fonnaiion. Note wells A4, B5, 
C5, D5, F5, F9, G5, and HIO all displaying readily visibly-identifiable aggi-egate formation. 

A^oniioiiiig color and or aggi'egate fonnation as a function of lime under physiologic 
conditions are indicators of drug efficacy and drug stability. 
Example 7: Using peptides fiee in solution to amplify 

Colloids presenting NTA-Ni-SAMs were prepared as described in example 2; 40/xlVl 
NTA-thiol in a total thiol concentration of 1000/iM was used. Histidine-tagged jS-amyloid 
(1-40) peptides were added to achieve a final concentration of 58.2/xM in lOO/iL final 
%*o]ii:r!i A: : nec:-A:\ c conirr-'. ar. :y'T!r\'ani h:f lidine -lacrpec re:":ini GFl . was adder ir 
colloid solutions in place of the jS-amyloid peptide. Solutions were incubated at 37 degrees 
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C. Within 15 ,™„„,es large aggregates were clearly visible i„ solutions tha, contained 
.s„d,ne.tag,ed ^-anryloid peptide. No structures were visible in control solutions 

Sohtttons With ^-anryloid peptide tunred gray/purple while negative control solnt.ons 
^ ™a,ned pinK. These results are consistetr, with the idea that free ^-anryloid peptides in 
- solutton becanre aggr egated and acted to anrpliiy or accelerate the aggregation process 

E2iam]3le_8LElect Lonic d election 

Our strategy to electronically detect ^-anryloid fiWls was ,„ fet incorporate 
.sttdtne tagged .-anryloid peptides (1-40, into pre-fo,™cd fibrils ntade fron, ^-.rryloid 1- 
. P^itdes. Conoids beating NTA and a fenoccne denvative, for electronic s,>al,„g. were 
=d ed so that at Last sotne of the His-tagged .-anryloid peptides were attached to the 
collo^a, pa„ic,es. Our atnt was to then add magnetic beads tha, bore binding li.ands that 
would btnd to the collotd-decorated fibrils and ..agnetically rec™i, the. to the worWn. 
electrode. ^ 

Colloids bearing NTA-SAMs were pr epared as described in Exatnple 2 (with the 
exceptton that 100.M octantethyl fen ocene-thio, was used irr place of a standard fetrocene- 
.>..ol;. 30,L of collotds were added to each assay solut.on. To facihtate alte,.a,in. current 
voltan^et,^ (ACV) analysts, without having to ptpe, solunons afler peptide additio:, (which 
would accelerate fibril fetation of peptides in the absence of pre-fonrred fibrils), assav 
so thons were nrtxed ,„ a 1„„. capacty silicon gas.e, clantpcd over a gold-coated .lasl 
Shde that had been derivat.ed with a self-assettrbled .monolayer as described in ExanrpL 3 
over a stattonao-ntagnet. Histidine-tagged ^-antyloid peptide (™ino acids 1-40) was added' 
to a final concentrat.on of 14,M ,n a 100.L volunte. Pre-fot^ed fibrils .ade up of ^- 
™ylo,d peptide (1-42) were added to achieve a final concentration of Negative 
control soluttons were: (1) colloids, histidine-tagged GST plus fibrils, but no Hts-ta^Ied ff. 
3u,ylo, peptide (,-40); (2) colloids, His-tagged .-anryloid pepfide (1-40) but no fib*: and 
3) all the conrponents expected to give a positive result, but tneastu-ed at tintc .ero. before 
H,s-tagged pephdes could tttcotporate into the fibril. Solutions were incubated at 37 de„ees 
C for 20 ..tnutes. Co,n,ncrcia„y available tna.^etic beads (fi™ Bang Labs and Pro.:™e) 
tha, were dcrvattzed with Protein A (which binds the Pc ponton of antibodies) were pre 

reco..,.zes,-an,yloidpeptide,-42,b„t„ot,.40.20.Lof,heantibody-presen,u,.,na.,etic 
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beads were injected into each solution immediately prior to ACV analysis (10 Hz.; 25mVolls 
overpotential; Ag/AgCl reference electrode with Pt auxiliaiy: SAM-coated gold cliip acted 
as the working electrode). 
RESULTS: 

The solution that contained histidine-tagged ^-amyloid peptides (1-40), colloids 
bearing NTA-Ni and ferrocene plus pre-formed fibrils, that had been incubated at 37 degrees 
C for 20 minutes, produced a cuneni peak of 2.0 /xAinps at the characteristic oxidation 
poieiitial (220 mVolts) of the ferrocene derivative (ociameihyl ferrocene) that was attached 
to the colloidal paiticle, see Figure 9. trace A. 

10 An identical solution tliat was measured immedialely. before histidine-tagged 

peptides could incoiporate into the aggregate, produced an insignificant peak of 
approximately 0.17 /xAmps at 220 niVolts, Figure 9. trace B. 

Ajiother negative control solution that contained all the components, but no pre- 
formed aggregate generated an insignificant peak of .022 /;tAjnps (Figure 9, trace C). 

ir A third negative control solution that contained pre-fonned fibrils but in which 

histidine-tagged GST protein was attached to the colloids in place of histidine-tagged (3- 
amyloid peptides produced no current peak (Figure 9, trace D). 
Example 9: Light Scattering Analysis • 

A commercially available light scattering device, that quantitates the average 

20 diameter of particles in solution, was used to anal^'ze solutions that contained NTA-Ni-SAJVl 
coated colloids and histidine-iageed jS-amyloid (1-40) peptides in the presence or absence 
of pre-fonned aggi-egate. Colloids were prepared as described in Example 2, histidine- 
lagged /3- amyloid was added such that the final concentration was 1 02ixM, in a final volume 
of lOOjLiL. Pre-fonned aggregates were added such that tlie final concentration was 2/xM. 

2: Baseline measurements, of average particle diameter were taken of the reagents alone to 
ensure that none of the components were aggregating in the absence of jS-amyloid fibrils. 
Baseline Measurements: 

1 . AOfxM NTA-SAJ^'l-derivatized colloids alone; diameter = 14.87 nm 

2. colloids presenting histidine-tagged AjS 1-40 peptides: diameter = 14.96 mn 

- ■ ' r o 1 ] o i d ^ ( V i Tn o 1 r n : r j ;■; r t - 1 o 1:^ i ] : ed H ] > - 1 h c 9 e.c . ' - ^ 0' : t-a i >; er: v * j i ]' \ j; \ ' ;: 
ajnyloid peptide (1-42) pre-fonned fibrils: diameter = 1 5.93 mn: t=0 
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Experiment: 

a^^ea Ap ) -4U peptides, mixed with ] /jM /S-anivJoid 
pept.de (] -42) pre-fo„.:ed fibrils, measured at t=0 15.5 i™. 

2. colloids presenting histidine-taooed AB 1 4n n^^i-^ • . • 

^^^'^ ^'^^ peptides, mixed with l^iM /S-amvloid 

peptide (1-42) pre-formed fibrils, measured ai t-l si . 

• measuied at t-1.5 hours, under high intensity lamn- 
diameter = greater than ] 0,000 mn, see Figure ] 0. 
Negative controls: 

3. conoids p,ese„„„g ,„s,idine-,agged ,-40pe,«,des; buffer was added in place of 
<hepre-fo™ed fibrils; measured at ,-0; dia,„e,er - U.96 n™ 

I- coiloids pese„,i„g his,idi„e.,agoed , -40 peptides,- buffer was added i„ place of 
.he pre-fonned fibrils; measured a. .5; dia.e.er =579.7 ™, see Figure „ 

These resu„s show ,„a, ,he anroun, of aggregate in a speci™e„;an be .uantita.ed 
by nt=asur,„, dianteter of resu.tan, ntacro-strucures. A tigbt scattering device t at' 

s^ultaneousiy measures tbe average pa„ic,e dtatneter of solutions in 96-we„;,a,e fo™ 
~e,,,,,,,,,,,,,^ ^^^^^^^^^ 

pepttde ntottonters and ,.a,ny,cid aggt egates have ,net with hntited success because the 
..neters of both species are ve,. sn,.„ and a, the iower htni.s of de.ect.on „.a,n;,l 
«b .,s are on the order of hundreds of nanonteters), and the difference between n one 1 

^5^^I33EleJ^LS]3edficir\' 

To de,enn,ne whether the ^-antyioid peptides presented by the detrvatized coHoids 
w u,d .ncorpora,. non-specifica„y i„,„ fibn,,,, 3pec,es that wonid be present in a nonna, 
dta^osnc santpie, we perfonned the visua, assay in feta, bovine se™ (PBS) (KBS 
contains 100-fold more irrelevant protein than r-CT ■, J- , ^J (J-BS 

collotds onto fibrtls d,d not increase with ntcr.as.ng FBS concentrat.on. ind.cat.ng ,ha, the 

'•■ -I'l-- ,, ;:n;ii;ri> causc-r: .---.r^^ .r- ■-. 

^ , • 03 f.DrjJja: sj-HVic- \e•o•.,l^■ 

control solutions. M^hich contained His-taooedAfi 140- u-r ' 

rtis la^^ed AI3 ] -40 immobilized on colloids but did not 
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contain pre-foiTned AjS fibrils, remained piiik; no sinictui-es were obsen^ed under 40- or 100- 
fold magnification. 

Example 11: Using the Extent of Visible Fibrillar StiTicture to Diaenose Alzheimer's 
Disease in CSF Samples 
- hi a blinded study using CSF samples (unloiown to the operator if one, both or 

neither came from AD patients), SOjLtM aliquots of colloids bearing 40/xM NTA-SAJV4S, 
prepared as described in example 2. were added to wells of a 96-well plate. His-tagged 
(1-40) peptides were added to acliieve a final concentration of 3.75/xM. Aliquots of CSF 
fi-om two Alzheimer's disease patients were added lo the colloid/peptide solutions. The 

10 amount of CSF added was varied to give final CSF con centi-at ions of either 12.5% or 25%. 
For each CSF sample tested, conditions were varied as follows: (1) sample solutions were 
doped or "seeded" with pre-fonued AjS fibrils (1 /.iM: 1 -42); (2) solutions were seeded with 
pre-fonned AjS fibrils (0.1 /xM; 1-42); (3) solutions were not seeded with an\4hing; and (4) 
as a negative control no probe His-A/3 was immobilized on the colloids. After 3 hours at 

If 37°C, fibrillar macro-structures were visible in all of the test solutions, except for negative 
conti-ols, which do not include His-tagged A/3 and one sample from a patient (#101) that did 
not contain any pre-formed fibrils. The extern of the fibrillar structures increased with 
increasing CSF concentration. Similarly, structure fonnation also increased with increasing 
seed concentration. The other CSF-containing solutions had turned fi-om pink to pxuple but 

20 did not show any fibril aggi egate fomiation under 40-fold magnification. Control solutions 
(no inunobilized His-A/S on colloids) remained pink and did not show any signs of sti^ucture 
foimation. After overnight incubation (10 hours total), fibrils were also clearly visible in 
solutions that contained CSF from patient #109, ahbougli tliey were still much less extensive 
than those from the first patient. Like patient one, the extent of structure fonnation 

2f increased with increasing CSF concentration and with increasing iS-amyloid seed 
concentration. Examination of sample records confinued the CSF samples were both from 
Alzheimer's patients and that disease progiession m the first patient (101), based on time 
since diagnosis and the Blessed Dementia Scale score, was about tv\'ice that of the second 
patient. The Blessed dementia scale score for patient 1 01 was 21 while the score for patient 
lOP w^- ::. ;1- Ir:, Cv^r^iC eniranoi'. }l pai}e:v 'J ' hac. bee:', meafurer. j,: n;:-. :v/ whilt 
# 109 was 4.6 mgs/ml. 
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ExgmpJe_]2i_ Detection and DiaminQii2r.j2f£ID 

in this hipothetica] example. coJJoids presenting NTA-Ni are added to a solution 
containing a His-tagged PrP protein in hs soluble (unconverted fonn) such that at least 
some of the His-tagged peptides are attached to the colloids. 

Qmnmic^ColoLamm Normal Prion Protein (PrP).. or a fragment such as 
ammo acids 1 09-, 41 or 1 13-14L is derivitized to facilitate bmdm. to SAM-coated 
colloids. For example, noniial synan hamster PrP is expressed with an afilnity ta« such 
as a 6-h,stidi„e tag. Histidine-tagged PrP is attached to NTA-SAJM-derivitized colloids 
via NTA-Ni binding. A sample contaimng infectious PrP is added. Samples are 
incubated at 37^C to facilitate conversion of non.al PrP to the prot ease-resistant form 
Conversion of „oi.ial PrP to resistant fonn causes protein ag^-egatio„. and the colloids 
are forced close together causing a color change from pink to blue. Samples may be 
doped with normal unbound PrP proteins., or fragments thereof, to amplify the 
aggiegation process, which is accelerated by protein concentration. Samples may also be 
subtected to mechanical agitation, light or sound energy to accelerate the aggregation 
process. 

DoL. Screea: Dn,g candidates a,e added ,o ,he PrP-bo.nd colloids and infectious 
P.P sa,.p,. and are allowed ,o bind. Samples are tlren incuba.ed a, 37=C ,o faeili.a.e PrP 
conversion and agg, ega,ion. Samples containing dn,gs ,ba, inhibi, binding of , be peptide 
.o ,be PrP or conversion of PrP ,o res.sian, forn, remain red. wbile samples eon.aimng 
dnigs ,ha, are ineffective change color from red to blue. 

Altet^atively tbe drug candidate, PrP-bound colloid and infectious sample 
composntons are electronically or electrochemically analyzed after incubation. Samples 
containing drugs that inhibi, binding of the peptide to the PrP or conversion of PrP to 
reststau, fotrn will „„, give an electronic signal or will produce an attenuated signal 
wbtle satnples containing drrtgs that are ineffective will give an elecu onic siana, dul to 
pi ec.ptlatton of colloid aggregates onto the electrode. 

A drug screening assay can also be devised that does not contain infectious 
n>a,enal. A peptide consisting of atnino actds 90-M5 of the s>T,an hamster PrP 



„ „t,^e,,i„, 



rotrn, ,s added to the PrP-bound colloids. Samples are incubated at 37-C to facilitate 
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conversion of nonnal PrP to j esisiant form. Conversion of nonnal PrP to resistant fonn 
causes protein aggregation, and the colloids are forced close logether causing a color 
change from pink to blue. Altematively the compositions can be electronically or 
elecirochemically analyzed. 
5 The invention itself can also be used to deiennine which PrP sequences are best 

for use as probe molecules attached to colloids and wWch sequences function as 
aggi egaiion accelerators. Candidate probe sequence peptides are attached to colloids and 
tested alone to deteimine their intrinsic aggiegation potential, which should be low (no 
color change) and then with infectious or conveiled PrP to assess their ability' to bind the 
10 convened fonn of PrP (has color change). Peptide sequences that are candidates for 
aggregation accelerators are separately attached to colloids and tested alone and with 
convened PrP for their ability' to aggregate and cause solution color change. 
1 06-1 28 (KTm4KHMAGAAA.AGA VVGGLGGY) 
] 09-141 (MKIIMAGAAAAGAVVGGLGG^TVILGSA-MSRPMMHF) 
\t 11 3-1 41 (AGAAAAGAVVGGLGGY^MLGSAMSRPMMHF) 
1 19-141 (GAVVGGLGG^T^^LGSAMSRPMJvfflF) 
1 17-141 (AAGAVVGGLGGYMLGSA]\4SRPM1\4HF) 
1 ] 5-141 (AAAAGAVVGGLGGYMLGSANdSRPMMJff) 
113-141 (AGAAAAGAVVGGLGGWLGSAMSRPMMHF) 
20 Chabiy J, Caughey B, Chesebro B, J Biol Chem 199S May 22; 273(21): 

13203-7; Residues 90-145 of Syrian hamster PrP, J. Mol. Biol. (1997) 270, 574-586. 
ENample 13: Electronic Detection 

In this hypothetical example, the presence of prion disease in a sample can also be 
electronically detected. Colloids presenting NTA-Ni and octamethyl feiTOcene are added 
25 to a solution containing a His-tagged PrP protein in its soluble (unconverted form) such 
that at least some of the His-tagged peptides are attached to the colloids. Magnetic 
panicles are also added to the assay that either present PrP or an antibody against it. A 
sample suspected of containing infectious PrP, is added. The infectious PrP will convert 
the nonnal PrP both on the colloid and free in solution, causing them to also participate 
y. c r.::\ e:';:n: o:he' pVi^iem- ^^•h:^• yeFUJij i:: n:asr:vi Krprrf::::i:o: ^^a5Pn*f a£i:rera:in: 
results which incoiporates both magnetic particles and colloidal particles into the same 
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aggregates, which are then magnetically drawn lo an electrode that can be SAJSI-coaled 
and analyzed by ACV. 

Diagnostic: ElectTonic. Infectious material can also be electronicallydelected. 
Nonnal PrP is bound to SAA/I-coated colloids as described previously that also bear a 
signaling moiety, such as a redox-active metal like fenocene. Samples are then 
incubated at 37°C to facilitate PrP conversion and aggregation. Conversion of PrP to 
resistant fonn causes formation of insoluble aggi egales, which precipitate onto the 
surface of an electrode, and deliver an eleclronic signal. Electrodes are analyzed using 
standard electrochemical analyzers and techniques such as alternating current 
voltammeti-y (ACV). 
Example 14: ELLS A 

hi this prophetic example, a technique familiar to those skilled in molecular or 
cellular biology is used. Enzyme-linked Immunosorbent Assays (ELISA) (Currem 
Protocols in Molecular Biology, Volume 2, Immunology 11.2. 1996, cop>Tight fi-om .Tolin 
Wiley and Sons Inc. 1 994- 1 99S;. Nonnally when one performs an ELI SA, a first 
species is directly or indirectly attached lo a plastic substrate. A second species is added, 
the plate is washed and the presence of the second species is detected by binding to it a 
"secondarj'" antibody that also has a signaling capability- the secondary' antibody is 
usually conjugated lo an enzjnne, typically horseradish peroxidase (HRPO), alkaline 
phosphatase f AP), or a fluorescent tag which is capable of performing a reaction on an 
added substrate that results in a color change (delected by a specti-ophoiometer), or a 
fluorescence labeling tag that can be delected by a fjuorimeter (see, for e.g., "Localization 
of a passively transfen ed human recombinant monoclonal antibody to heipes simplex 
vii-us glycoproiein D to infected nerve fibers and sensory neurons in vivo", Sanna PP, 
Deerinck TJ, and Ellisman MH ,1999, .loumal of Virology Oct. Vol 73 (10 8817-23)). 
Most often, for convenience, so that eveiy antibody does not need to be conjugated to an 
enzjme, a mouse antibody is used as the specific recognition antibody, then an enzyme- 
conjugated rabbil-anti-mouse antibody is added. 

Using the technology described herein, one can greatly increase the sensitivity of 
prtt,c;K.. C.J \ni ]nmn-ii:.in..t>.. ;a:-pe; specjt^ usinL. c. \.a\a:c.. iiganci 
(protein or peptide) or a drug candidate as the probe molecule. The presence of the ' 
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iminobilized species is delected by binding to h a ligand attached to a colloid that also 
presents a plurality of horseradish peroxidase (HRPO) or alkaline phosphatase (AP). The 
enz>TOe can be conveniently linked to the colloid by a variety of means, including a 
histidine-tag attached directly to the enzNoue. or by binding a mouse-anti-goat enz>'nie- 

5 conjugated antibody to a goat antibody that is ariached to the colloid via a histidine- 

tagged protein G (Akerstom. B., Nielson, E.. Bjorck, L. .lounal of Biological Chemistr>'. 
19S7 Oct, 5 Vol. 262 (2S); pgs. 13388-91 and Fahnestock, S.R., Alexander, P., Nagle, J. 
and Filpula, D. (1 986) Journal of Bacteriology Vok 1 67, 870-880). By binding a ligand 
co-inunobilized on a colloid with a plurality of eiizymes. to the target species in place of 

10 a secondai-y antibody, the raiio of signaling molecules to binding events is increased by 
orders of magnitude. The binding of one antibody or ligand on the colloid to a presented 
antigen on an ELISA plate indirectly results in the binding of thousands or millions of 
ejizjTOes. Alteniatively, a known species can pujposely be attached to wells of a 96-wel] 
plate so that one can probe with colloids that each present a separate drug candidate 

ir along with the signaling enz>TOes. Currently, it is not possible to do this with existing 
ELISA teclmology each drug candidate can not be conjugated to an enzyme. 
Alternatively, the natural ligand for the immobilized target can be presented on the 
colloid along with the signaling enzjones and drug candidates added to each well of the 
plate to disrupt the interaction. Unboiuid colloids and thus their signal are lost in a wash 

20 step. The target for the antibody- or ligand-presenting colloids can be a cell or a protein 
bound directly or indirectly (via another antibody or ligand) to an ELISA plate. The 
advantage to this modification of an ELISA is not only sensitivity, but also efficiency. 
Because several hundred signaling enz\TOes remain bound via the colloids to one antigen, 
substrate hydrolysis will occui- more quickly, and less time will be needed for an 

25 adequate reading. 

In this example, it is described how one would detect the presence of aggi egate- 
fonning or fibril-forming, protofibril, or aggi'egate species in a sample, or screening for 
drugs that would iiiliibit disease associated with aberrant protein aggregation, on an 
ELISA plate. A binding species that binds an aggi egaie or fibril-fonning species, or an 

' i^niiboryir r fibn" r- hrp-e-i^^u - jor]^:i::r rperir:. . ;3roK fibril o: agprepau t specific;-.] . 
an antibody to A/31 -42) is immobilized in a well of an ELISA plate. In a diagnostic 
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assay. ,],e antibody then is exposed to a sample suspected of containing an age^ eeate- 
Tom,mg or flbril-fonning species., and mixed with the sample is a bindine species 
carrying a metal-binding tag (histidine-tag) optionally amplifier species., as described 
above, and colloid particles with a chelate coordinating a metal (NTA) and a non- 
electromc signaling entity each fastened ,o the particle. The non-electronic sie^ialing 
entity could be a fluorescent tag, horse radish peroxidase, alkaline phosphatase or the 
like. 

Where one wants to screen for drugs usn.g this assay, the same procedu.-e is 
earned out but m the presence of a candidate drug for inhibiting agg,-e.ation processes 
ExampJUl^CelKBas^^ 
Foimation at a Variety of StagesMBiochenTic^^ 

ll"s example, it is described how one tests a candidate d^g for activity in 
affecting cellular processes involved in aggregation-associated disease mcluding 
neurodegenerative disease and non- neurodegenerative disease, and non-dtsease 
processes. A whole cell assay was designed to enable the screemng of dru.s for their 
ability, to affect, d„-ectly or indtrectly. beta-amyloid production, processtn. including 
cleavage, and secretion (Wolfe, et a]., Nano-e^ 1999 April S; 398 (6727):5]3-7- Haass 
NoL Med. December, 1999; 1 (12):]29].6; LaBlanc, et al, J Neurosci J^es.. April 199'> 
3](4):635-45). ' ' 

Amyloid precursor protetn (APP: the protein precursor of beta-amyloid) was 
stably transfected into human embn-onic kidney cells. Selkoe, "The Cell Biology of 
Beta-Amylotd Precursor Protein and Presenilin in Alzheimer's Disease.", Trends in Cell 
Biolo^:. 8:11, 447-453, November, 1 998: Knops, et al. "Protein-t>^.e Specific-Inl,ibition 
of A-Beta Release By Bafilomycin A], A Selective LAibitor of Vaculor ATP ases" 
Journal of Biological Chemisuy, 270:6, 2419-2422, Febnmry 10, 1995). Cells (100 ul 
vol at 40% confluency) were dispensed mto a 96-well plate and inown in DMEM 
(Dulbecco modified eagle medium) in a CO, tncubator at 37 degrees C for 211^s 
Colloids (30 ul) derivatized with NTA-SAMs (4% NTA in the thiol solution) were mixed 
wtth htsndtne-tagged beta-a:.y,oid peptide (1-40) then added to each well of the tnicro 
>:^e- p.. -r. ur,, bet.-a„:yioic cnnc.en....o. e.ch wc v v, . ; " 
contained either: ,) histidme-tagged GST instead of beta-amyloid peptide: or 2) 
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evenlhing as above except no cells were pi esent in the growth media: or 3) cells that 
were not transfecied with APP. 

WHien colloids and peptides were added at 21 lus.. only solutions containing cells 
expressing the APP plasmid. colloids and His-iagged beta-amyloid turned from the 
characierisiic pink to puiple. Solutions in the control wells remained pink. 

Ajiother batch of cells treated as described above, were allowed to ei ow for an 
additional 1 8 hrs. after colloids and beta-amyloid were added. These cells continued to 
extnide APP products (beta-amyloid 1 -40 and 1 -42). WHien obsen^ed under 40-fold 
magnification, a halo of accumulated coUoid-peptide aggregates could be seen ai ound 
each cell. Cells incubated with colloids and control his-tagged peptides showed no 
regional accumulation of colloids. Control cells (no APP transfection) incubated with 
beta-amyloid and colloids also showed no signs of colloid aggi egation. Control solutions 
containing colloids, beta-amyloid and cell growth medium also did not show signs of 
colloid aggregation. 

This example represents yet anothei- aspect of the invention involvmg exposing a 
candidate drug for inhibition of neurodegenerative disease to a cell adapted to secrete 
neurodegenerative disease fibril- or aggregai e-fo rming species, and detennining the 
effect of the candidate drug on the aggregaiion potential of material secreted fi om the 
cell. This example also presents a technique for detemiining drug toxicity by 
detennining the effect of the candidate drug on a cell. 

Example 16: Deiermination of Aggregation Characteristic of Tumor Suppression (pSS) 
In this hypothetical example, a su ategy is described to screen for molecules that 
disrupt or enhance multimerization of p53. In some cases, the wild t>pe protein is the 
target of the screen, while in other cases specific mutants will be targeted such that wild 
type function can be rescued. The multimerization domain of p53 (wild t>pe or mutant) is 
expressed such that it is modified with a flexible linker that bears an affinity ligand to 
facilitate attachment to a gold colloid. In some cases, the tetramerization domain can be 
expressed without the nuclear export signal. The linker modification can be attached to 
either the jSl-ienmnus of the protein fi'agment (away fi'om the multimerization domain) or 
r^: ihf <^-ierm:nu- on m roinpo^itio-:? rr/r] cnniair heievopeneoi^: pnr;\ir::;or. ruch iha: 
the presence of the colloid will not sterically hinder multimerization. Also, unattached 
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proteins may be added to the composition lo avoid steric hindrance by the attached 
colloids. 

The protein fiagmenis are added to solutions containing gold colloids that have 
been modified to facilitate attachment of at least some of the proteins. If the protein 
fragments multimerize, then the solution will turn from its inJiei ent pink color to a 
puiple/blue. Dj-ug candidates or biomolecules are added to some of the solutions. Again, 
a color change from pink to blue indicates multimerization. One can monitor a series of 
color changes. For example, protein fragments are added to the solution, multimerization 
occurs and the solution turns from pink lo blue. Drug candidates or biomolecules are 
then added and a change from blue back to pink is detected which would indicate that a 
candidate molecule had disrupted multimerization. 

Many of the mutations in p53 that occur in cancers involve the DNA binding 
domain of the protein. This invention can also be used to screen DNA sequences for 
their ability to bind to the mutants and also to identify molecules that restore binding to 
its native cognate DNA sequence. Li this scheme, DNA (preferably ds but can also be 
single stranded) is attached to the colloids (via biotin-SA-SAMs or to commercially 
available streptavidin-coated colloids). p53 proteins or fragments thereof, that contain 
both the DNA binding domain and the tetramerization domain, (m, muts, or both) are 
added to the solutions. Multmiers of p53 that also bind to the colloid-immobilized DNA 
strands will induce condensation of the colloids and result in a color change from pink to 
^blue. Drug candidates as well as biomolecules can be added to the compositions to test 
for tlieir ability to promote DNA binding, hi another embodiment, the proteins are added 
to separate batches of colloids that each bear a different DNA sequence. Since the 
proteins multimerize, a color change in the solution from pink to blue indicates that the 
protein complex bound to the DNA sequence presented on that particular batch of 
colloids. 

Ahernaiively, multimers of p53 that have mutations that affect DNA binding can be 
added along with drug candidates to solutions containing colloids presenting a DNA 
sequence (preferably the cognate sequence). This screen identifies molecules that alier 

Exjimj^je 17: Deteiiriin MlonQfC^llojd /Colloid Linkage via Biotiii/Sirep lavidm 
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A set of gold colloids was derivatized with self-assembled monolayers that 
incorporaled biotin-thiols (SAM forming species included CI L 3 ethylene glycol units, 
then biolin) along with CI 6 carboxy-terminated thiols (a mixed SAM). Streptavidin, 
which has four binding sites for biolin, or a random protein (GST) was added to the 
colloid solutions. Solutions that contained strepiavidin and its binding panner biotin, 
immediately tumed blue while the control solutions did not. 

Example 1 S: Detennination of Colloid/Colloid Linkage via Protein/Protein Recognition 
on ]s?TA -presenting Colloids 

600 microliters colloids, derivatized with a self-assembled monolayer that 
presents nitrilo tri-acetic acid, NTA (for the capture of histidine-tagged proteins), was 
mixed with 60 microliters of 500 micromolar histidine-tagged RGD-motif-containing 
peptide. 600 microliters of a second set of NTA-Ni presenting colloids was mixed with 
60u] of a 500ulVI solution of GST, an iiTelevanl protein, as a negative control. Colloids 
were spun down and resuspended in phosphate buffer to remove residual mibound 
protein or peptide. Endostatin and Angiostatin, t\vo proteins implicated in angiogenesis 
and suspected of binding to regions of vitronectin, such as the RGD peptide, were 
prepared by dialysis into phoshaie-buft'"ered saline solution and then 1:10 dilution into 
PBS from a stock concentration of Img/mL. 

400 ul phosphate buffer (pH 7.4), 200u] either RGD-bound colloids or GST- 
bound colloids, and either 1 OOul endostatin or angiostatin, 50ul endostatin or angiostatin/ 
50ul phosphate buffer, or 1 OOul phosphate buffer (as a negative control) were added to 
each well of a ciystallization dish. Color change was monitored over time at room 
temperature. After approximately 1 5 minutes, a color change from red to blue was 
visible in wells that contained RGD- peptide-bound colloids and endostatin. The color 
change was more pronounced in the well that contained lOOul endostatin than in the well 
that contained 50ul endostatin/50ul phospate buffer. No color change occurred in the 
wells containing endostatin and GST-bound colloids or angiostatin and RGD- or GST- 
bound colloids. Figure 13 shows the result. Row A included colloids and angiostatin. 
Row B included colloids with endostatin, (Rows C and D are empt:^' wells). Colunms 1- 
" ho.-.- P^rs ;^rriinf immnhi]::rer ry rr]loidf Rrv,•^ ^-c ]vr'( nr irrejpvaiii prOieir. 
GST, immobilized on the colloid. Columns 1 and 4 contain 1 00 ml of the relevant drug 
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(endostatin or angiostaiin). The results show thai endostatin binds to RGD-motif- 
containing peptides, and that endostatin is able to bind to two or more RGD-peptides. 
thus linking the colloids, and causing a color change from red to blue. The results were 
verified by gel electrophoresis. The RGD peptide ajid histidine-tagged GST were boujid 
to a small amount of NTA-Ni agarose resin at saturating concentration. Endostatin was 
incubated with the resin and alloAved to bind to the protein on the resin. The histidine- 
tagged proteins were then eluied using imidazole, and the samples were analyzed by 
SDS-PAGE. The results clearly showed that endostatin bound to the resin-immobilized 
RGD peptide and eluted with the protein off of the resin, while it did not bind to the 
resin-immobilized GST. 

This assay could be easily adapted for screening of drug candidates that either mimic 
the RGD-binding characteristic of endostatin or bind to the RGD-binding domains on 
endostatin. Di-ug candidates could be added to the RGD-colloids in the presence of 
endostatin to look for drugs that inln'bit the color change from red to blue. 
Example 19: MonitoriuP Dnio Ar.i,- vitv as a Function of Time for Drue ProfilmP 

To detennine at what stage of aggi-egate formation a particular drug is effective, 
for how long the drug is effective, and whether the drug is able to reserve aggregate 
formation, a drug profiling experiment was run in which many points were taken over 
lime using a 96-well plaie spectrophotometer. 

To each we]] of a 96-well plate, 55 ul phosphate buffer (pH 7.4), 30 ul NTA- 
SA^^ derivitized colloids, ] 0 u], 50 um His-AB, and 5ul drug candidate or DMSO (for 
control wells) were added. >3egative control wells contained 10 ul, 50 um in-elevani 
Histidine-tagged peptide in place of His-AB, and D.MSO in place of a drug candidate. 
Positive control wells did contain His-AB, but contained DMSO in place of a drug 
candidate. Absorbance at 530 nm was read ever>' 5 minutes for 2 hours in a soft-max Pro 
96-well spectrophotometer (molecular devices), while an identical 96-well plate was 
obserx-ed and photographed on thebenchtop. 

Negative control wells remained red, and positive control wells turned blue 
within 1 hour. Wells containing drug candidates varied in color over time depending on 
iiv pffer;;vene- cin-r rfindidau Absorbanr ■ ;v nir. v.-b' v^n-wc 

for each well. Wells that turned blue, indicating no drug or no drug activity', showed a 
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significant drop in absoipiion at 530 over time. Wells that contained di-ugs which 
inhibited aggi-egaiion showed a constant absorbance at 530 iim over the range of 
aggi-egaie size on which the drug was effective, the drug was effective, hi tliis manner, 
ding efficiency was determined. Figui'e 12 sliows the drug profiles of iavo drugs that 
5 inhibited aggregaiion (1 and 2) plotted with a positive control (3) and a negative control 
(4). It can be seen that the t\vo di-ugs work on different size aggregates for different 
periods of lime. 

The results of this experiment demonsn ate the strength of another aspect of the 
invention, which involves detennining an appropriate ding for treatmeni of a 

10 physiological process involving aggregation ai a particular stage of the process or under 
conditions of panicular aggi'egale size, or both. Refeiring to Figure 12, it can be seen 
that the drug represented by curve 1 shows greater effectiveness at an earlier siage of 
aggi'egate fonnation and/or with respect to smaller aggiegates, and the drug represented 
by cur\^e r^vo shows greater effectiveness at a later stage of aggi^egate fonnation and/or 

15 with respect to larger aggregates. Conducting experiments such as this with a variety of 
candidate drugs can provide infomiaiion for a treatment protocol based upon the stage of 
a physiological process and/or aggi'egate size in a patient. 

Example 20: Con'elaiion of Color Change to the Extent of Aggregate Formation 
This example demonstrates that colloid/colloid aggregation assays of the 
20 invention can be used to detennine aggr egate fonnation colorametrically and via 
formation of visible reticulum. 

Mixtures were fonned of wells of mutli-well plates including colloid pailicles. 
binding species capable of binding neurodegenerative aggi*egate-fonning species adapted 
to be fastened to the colloid particles, and AjS peptide, A control included a random 
25 peptide. Referring to Fig. 14, a first plate 60 includes rows 62 and 64 containing AjS 

peptide and a random peptide respectively. Columns 66-74 contained 2.5 micromolar, 5 
niicromolar, 1 0, 20, and 50 microniolar A,S peptide or random peptide, respectively. Aj8 
peptide was histidine-tagged, and colloids carried SAJVds presenting chelate coordinating 
nickel. Row 64 contained an iirelevant histidine-iagged peptide. Each well contained 
?^ nnr :::}rromr.:^^ ]— r-iormer: acprecnu 

As can be seen, row 62 containing binding species, colloid panicles, and pre- 
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formed aggiegales turned fiom pink lo blue, and especially at higher concentration, 
reticulum formation is clearly visible. A significant correlation between A/3 
concentration and reticulum fomiation is obsei-ved. 

Referring to plate 80, wells in row 82 contain 10 micromolar A/3 peptide 
(histidine-tagged), and NTA thiol-conlaining SAMs on colloids. Row 84 contained an 
in-elevant peptide at the same concentration, also histidine-tagged. All wells also 
contamed one micromolaj- pre-fomied aggregate. Components were introduced into the 
wells of the various rows 86-98 at different times, so that a single obseivation of the plate 
showed aggregate formation as a function of time. Row 86 ^^'as freshly prepared, row 88 
had been prepared 0.5 hours prior lo obsen'ation, and rows 90-98 had been prepared at 1. 
2, 4, 6, and ] 8 hours prior to observation. Plate 81 is an obsen'ation of the identical plate 
as plate 80, after ] 8 hours. As can be seen, color change from pink to blue, and the 
formation of readily- visible reticulum, occurs as a function of time. 

Those skilled in the an would readily appreciate that all parameters listed herein 
are meant to be exemplar^' and that actual parameters will depend upon the specific 
applicaiion for which the methods and apparatus of the present mvention are used. It is, 
therefore, to be understood that the foregoing embodiments are presented by way of 
example only and that, within the scope of the appended claims and equivalents thereto, 
the mvention may be practiced otherwise than as specifically described. 
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1- A kit comprising: 

a first article having a surface; 

a second article having a surface; and 

a plurality of binding species capable of binding a aggiegate-fomiing species, at 
5 least some of which binding species are fasiened to or adapted to be fastened to the 
surface of the first article and at least some of which binding species are fastened to or 
adapted to be fastened to the surface of the second article. 

2. A kit as in claim 1 , wherein the binding species are capable of binding a 
10 neurodegenerative disease aggregate-forming species. 

3. A kit as in claim 1, further comprising a candidate dnjg for affecting the 
aggixgation. 

15 A. A kit as in claim 2, further comprising a candidate drug for inliibiling the 

neurodegenerative disease. 

5. A kit as in claim 1 or 2, wherein the binding species is a peptide. 

20 6. A kit as in claim 1 or 2, wherein the binding species is a protein. 

7. A kit as in claim 1 or 2, wherein the binding species is a sequence fi*om a 

protein. 

25 S. A kit as in claim 1 or 2, wherein the binding species is a small molecule. 

9. A kit as in claim 8. wherein the small molecule is Congo red or 
Thioflavin-T. 

'^^^ A kil a*^ in rlain' " o: ? v/hereir the bindinr rnerip'- if ar nntibody ir ihr 
3ggTeeate-forming or fibril-fonning species. 
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n . A kit as in claim 2, wherein the binding species is capable of binding 
neurodegenerative disease-associated fibrils or aggiegates. 

1 2. A kit as in claim 2, wherein the binding species is capable of 
incoiporating into neurodegenerative disease-associated fibrils or aggregates. 

1 3. A kit as in claim 1 1 wherein the binding species is capable of foiming a 
macrosli-ucture including a plurality of articles bound to a plurality of aggi egaies. 

14. A kit as in claim 1 1, wherein the binding species is capable of forming a 
macrosti-ucture including a plurality of articles bound lo a plurality' of neurodegenerative 

disease-associated aggregates. 



1- 15. A kit as in claim L wherein the binding species is a protein capable of 

aggregation characteristic of disease that involves aberrant b^omolecular aggregation. 



10 



20 



25 



1 6. A kit as in claim 1 , wherein the binding species is selected from 



am one 



mmnmoglobulins. hemoglobins,. p53, fibrin, iniegrms,. ci^oglobulins, human islet 
amyloid polypeptide (hlAPP), and other amyloid prol^ 



leins. 



am on 2, 



1 7. A kit as in claim 2, wherein the binding species is selected from 
beta-amyloid proteins, amyloid proteins. Amyloid Precursor protein (APP) Tau. 
s>'nnuclein, PrP^^ PrP-^^H^ p^pSc.pie__ Huntingtin, and fragments and ftisions thereof. 



1 8. A kit as in claim 2, wherein the species includes amino acids 1 -40 or 1 -42 
of the beta-amyloid peptide. 



19. A kit as in claim 1 7, wherein the proiem, fragment or fu 
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20. A kit as in claim h 2. 3 or 4, wherein at least one of the articles is gold or 
gold-coated. 

21 . A kit as in claim 20, wherein a self-assembled monolayer is fonned on the 
gold surface. 

22. A kit as in claim 20, wherein the self-assembled monolayer consists of 
s>mthetic molecules. 

23. A kit as in claim 22, wherein the self-assembled monolayer is composed 
solely of thiols and di-thiols and does not include direct incorporation of proteins into the 
]nonolayer. 

24. A kit as in claim 22, wherein thiols, di-thiols and Cysteine or sulfur- 
terminated peptides are incorporated into the self-assembled monolayer. 

25. A kit as in claim 22, where in the self-assembled monolayer presents a 
binding partner for an affinity hgand. 

26. A kit as m claim 24, wherein the surface presents a moiety that can 
coordinate a metal. 

27. A kit as in claim 24, wherein the surface carnes a chelate coordinating a 
metal immobilized relative to the surface, and the binding species is derivaiized with a 
poly amino acid tag. 

28. A kit as in claim 22, wherein the self-assembled monolayer presents 
carboxy-tenninated headgroups to facilitate chemical coupling to umnodified 
biomolecules. 



29. 



A kit as in 28, wherein a primary amine on the biomolecule is coupled to 
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the carboxyJaled surface via EDC/NHS coupling d.emistiy. 

30. A kit as in ciain, 22, wherein the seJf-assembled n^onolayer includes 
"nr.otnacet.c acid, 2..2--bis(sa.-cyIidenea„.ino)-6..6--de.ethyldiphenvi;or l.S-bis(a- 

3 r A, article as i„ cjain, 22, wl,e,e,n ,he self-a.sen,bled „,c„olaver is a 
.™xed s.,f.asse,..,.d ,.„„„,a,er inCudi,,, se.f-asse,.b,ed „,o„o,ayer-f„,™.,. species 

— -------r.asse.Med.„„„™,i, 

JtJ can coordinate a melal ^ 



32. A ki, as in dain, 1, 2, or 20 - 30. wherein the first atticJe is a floid- 
suspendible, isoJatable panicle. 



33. A kn as n. clain. 32, wheren. the panicle ,s an .solatable pan,cle. 

34. A kn as .n clain. 32.. where.n the firs, article is a colloid panicle, 
as n: claim 34, wherein the first anicle is a gold colloid 

36. A kh as in clai,n 1 or 20, M^hereon the first article is an SPR chtp. 



35. A ki 

20 ' '"^''^'^ 2 goJd colloid panicle. 



^^^^ 



be fas,e„ed „ ,he s„, race of ,„e fe, aniCe are fts,e„ab,e ,o *. s^^^e! w„e, 
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faslening is facilitated by an affmit>' tag binding lo its partner on the first article. 

40. A kit as in claim 39, wherein the binding species fastened to or adapted lo 
be fastened to the surface of the first article are fastcnable to the surface via a metal 
binding tag/metal/chelate liiikage. 

41. A kit as in claim 40, wherein the surface cairies a chelate coordinating a 
metal immobilized relative to the surface, and the binding species is derivatized with a 
polyamino acid tag. 

42. A kit as in claim 41. wherein the polyamino acid tag is a histidine tag. 

43. A kit as in claim 37, wherein the binding species are fastened to the 
surface of the first article through a chemical coupling reaction. 

44. A kit as in claim 43 in which EDC and NHS are used to link primar\- 
amines on the binding species to carboxylales on the surface of the first ailicle. 

45. A kit as in claim 1, 2, 21-23, wherein the binding species fastened to or 
adapted to be fastened lo the surface of the first anicle are fastenable to the surface via 
complementan' nucleic acid sequence pairs. 

46. A kii as in claim 1, or 2, wherein the binding species carr>' a terminal 
cysteine and are fastened to the surface of the first article thereby. 

47. A kit as in claim 37. comprising a pluralit>' of particles fastened to at least 
some of the binding species, wherein the binding species are immobilized relative to the 
surface of the panicles at a surface concentration small enough that, in the absence of 
auxiliar}', non-surface immobilized aggregaie-fomiing or fibril-fomiing species, particle 

i^crrepnijon upr-v pcr'\\c]c -p^r:\c]v e>:posu:"f hn'iCrrf^r vithi:: ^ linot frnrri^ h]]r\>-]r,[ 
comparison of aggi egaiion in the absence of auxiliary' aggregate or fibril-forming species 
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with aggi-egation in ihe presence of auxiliaiy aggregate or fiibril-forming species. 

48. A kit as in claim 47, wherein comparison is visually delennined. 

49. A kit as in claim 48 wlierein the comparative parameter is a visible change 
in the color of the solution. 

50. A kit as in claim 2, wherein the binding species is not a neurodegenerative 
disease aggregate-fonning or fibril-fomiing species. 

51. A kit as in claim 2, wherein the binding species is a neurodegenerative 
disease aggregate-fonning or fibril-forming species but is not capable of converting other 
binding species lo neurodegenerative disease aggi-egate-fomiing or fibril-fonning species. 

52. A kit as in claim 2, wherein the binding species is converted by a 
neurodegenerative disease aggregate-fonning or fibril-forming species to an aggregate- 
forming or iibril-fomiing species. 



53. A kit as in claim 52, wherein the binding species convened to an 
20 aggregate-forming species is able to convert other binding species lo aggregate-foniiinc 
or fibril-fonning species. 



10 



15 



54. A kit as in claim 2 further comprising species capable of being converted 
by a neurodegenerative disease aggregate-forming or fibril forming species to aggregate- 
25 fonning species for addition to amplif>' the aggregation reactic 



]on. 



55. A composition as in claim 1 ] or 12, wherein the bindmg species is a 
peptide fastened at its N-temiinus to the moiety that can coordinate a metal. 



••:].:■:-;• ir. rlaiiT. ] . • .•- anr " ' . v.-he.veir. ih(- ninc!r:; .'^pprjc-; fas-icner: 
to or adapted to be fastened to the surface of the first article via at least one of a 
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carboxylaie group via EDC/NHS chemisuy, a nucleic acid sequence, or affinity tag 
inieraction. 

57. An article as in claim 32, wherein the fluid-suspendable, isolatable 
pailicle is of no more than 500 nm cross section in any dimension. 

58. A kit as in claim 32, wherein the fluid-suspendable, isolatable particle is 
of no more than 1 00 nm cross section in any dimension. 

59. An ailicle as in claim 35, wherein the self-assembled monolayer is a 
mixed monolayer presenting a moiety lo facilitate the fastening of a binding species and 
fmllier comprises a signaling entity. 

60. Aji article as in claim 59, wherein the colloid itself is the signaling entity. 

61 . An article as in clann 59, comprising a plurality of auxiliary signaling 
entities. 

62. An article as in clami 59, comprising a plurality of auxiliary signaling 
entities covalently fastened to the colloid particle. 

63. An anicle as m claim 59, wherein the signaling entity is covalently 
attached to a thiol and incorporated into the self-assembled monolayer. 

64. An ajnicle as in claim 63, wherein the signaling entity is an electroactive 

species. 

65. An article as in claim 64, wherein the signaling entity is a metallocene. 

Ar a]*tirlf :r r::i::r <- : vhereir ihr rienr.!:": eni:*-^ :^ :. ferrocene rr : 
feiTOcene derivative. 
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67. An article as in claim 32, wherein the particle carries a plurahty of 
immobilized electroactive species. 

5 68. An article as in claim 59, wherein the auxiliary signaling entity comprises 

a dye, pigment, el ecti o active molecule, fluorescent moiety, up-regulating phosphor, or 
enzyme-fastened signaling moiety including horse radish peroxidase and alkaline 
phosphatase. 

69. A kit as in claim 1, wherein the first article is a magnetically suspendable 
particle. 

70. A kit as in claim 33, wherein the article is a gold-coated magnetic particle. 



15 



71 . A kit as in claim 1 , wherein the binding species is specifically fastened or 
adapted to be specifically fastened to the surface of the first article. 

72. A composition comprising: 

a binding species capable of binding an aggregate-fomiing species, fastened to an affinity 



20 tag. 



25 



73. A composition as in claim 72, wherein the binding species is capable of 
binding a disease-associated aggregate-fomiing species. 

74. A composition as in claim 72, wherein the binding species is capable of 
binding a neurodegenerative disease-associated aggregate-forming species. 

75. A composition as in claim 72, wherein the binding species is a peptide. 

lb. A composition as in claim 72, wherem the binding species is a pioiem. 
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77. A composition as in claim 72. wherein the binding species is a sequence 
fioni a protein. 

78. A composition as in claim 72. wherein the binding species is a small 
5 molecule. 

79. A composition as in claim 72, wherein the binding species is an antibody 
to the aggi-egate-forming or fibril-fomiing species. 

10 80. A kit as in claim 72, wherein the binding species is capable of binding 

aggiegates, 

81 . A kil as in claim 72, wherein the binding species is capable of binding 
disease-associated aggi egaies. 

Ir 

82. A kit as in claim 72, wherein the binding species is capable of binding 
neurodegenerative disease-associated aggregates. 

S3. A kit as in claim SO, wherein the binding species is capable of forming a 
20 macrosiructure including a plurality of articles bound to a plurality of aggi"egates. 

84. A kit as in claim SO, wherein the binding species is capable of fomiing a 
macrostructure including a plurality of articles bound to a plurality of disease-associated 
aggi-egates. 

85. A kit as in claim 72, wherein the binding species is a protein capable of 
aggregation characteristic of neurodegenerative aggi egation associated disease. 

86. A kit as in claim 72, wherein the binding species is a protein capable of 
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87. A kit as in claim 72, wherein the binding species is a protein capable of 
aggiegation cliaracteristic of neurodegenerative disease. 

88. A kit as in claim 72, wherein the binding species is selected from among 
APP, beta-amyloid proteins, amyloid proteins, Tau, synnuclein, PrP^^, PrP^^^, PrP^^^P'* 
Huntingtin, and fragments and fusions thereof 

S9. A kit as in claim 88, wherein the protein, fragment or fusion is aggregate- 
binding, aggregate-fonnation-resistant. 



90. A composition as in claim 72, fnrther comprising particles fastened to 
adapted to be fastened to at least some of the binding species. 



or 



91 . A composition as in claim 72, wherein the affinity tag is a metal binding 

tag. 

92. A composition as in claim 72, wherein the moiety is a polyamino acid tag. 



93. A composition as in claim 72, wherein the polyamino acid tag 
histidine tag. 



IS a 



94. A method comprising: 

fomiing aggregates in a sample containing aggregate-fonning species; and 
exposing the aggregates to an article having a surface and a plurality of binding 
species capable of binding the aggregates or aggregate-forming species, the binding 
species innnobilized relative to or adapted to be immobilized relative to a surface of the 
article. 

95. A method as in claim 94, further comprising exposing the aggregates to 
the article in the presence of a candidate drup for affeclinp aggregation 



wo (»2/<n23<» PCT/US*»l/2()232 

-88- 

96. A method as in claim 93, wherein the method is perfomied in a fluid 
medium. 

97. A method as in claim 96, wherein the solution does not contain detergents 
5 or surfactants. 

9S. A method as in claim 96, wherein capillary flow force is not required to 
bring binding species, aiticles. or aggi'egaie forming species together. 

10 99. A method as in 96, wherein the surface is not absorjDiive of the fluid 

medium. 

] 00. A method as in claim 94. wherein the binding species is a peptide. 

15 1 01 . A method as in claim 94, wherein the binding species is a protein. 

102. A method as in claim 94, wherein the binding species is a sequence fi*om a 

protein. 

20 1 03. A method as in claim 94, wherein the binding species is a small molecule. 

104. A method as in claim 94, wherein the article is a fluid-suspendible, 
isolatable panicle. 

25 105. A method as in claim 94, wherein the article is a colloid particle. 

1 06. A method as in claim 94, wherein the article is a gold colloid particle 
upon a surface of which is a SAM to which the binding species is immobilized. 

•- ]';*!e:hni-: ir rlaiir, ?-* vhc:e;:" ihc ar;ir}i: :^ pariiru 'Sw r/ie\hnr 
comprising exposing the aggregate to additional particles immobilized relative to or 
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adapted to be immobilized relative to at least some of the binding species. 

1 08. A method as in claim 94, wherein the binding species are fastened to or 
adapted to be fastened to the surface of the article via a metal binding tag/metal/chelate 



5 linkage. 



10 



15 



1 09. A method as in claim 94, wherein the assay is performed in a plurality of 
individually spatially-addressable regions. 

110. A method as in claim 94, wherein the individually spatially-addressable 
regions comprise different wells of a multi-well plate. 

111. A kit comprising: 
an article having a surface; and 

a plurality of binding species capable of binding an aggregate-forming 
species, at least some of which binding species are immobilized relative to or adapted to 
be immobilized relative to tlie surface, wherein the surface has a chemical functionality 
substantially inliibiting non-specific binding of aggregate-forming species. 

112. A kit as in claim 111, wherein the chemical functionality is a tri-ethylene 
glycol-temiinated tliiol. 

113. A kit as in claim 111, wherein the surface has a chemical flinctionality 
substantially inliibiting non-specific binding in the absence of a protein blocking step. 

114. A kit as in claim 111, wherein the aggregate-fonning species is associated 
with neurodegenerative disease. 

115. A kit as in claim 111, wherein the article is a fluid-suspendible, isolatable 
30 particle. 

116. A kit as in claim 111, wherein the article is a colloid particle. 



20 



25 
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117. A kit as in claim 111, wherein the article is a particle, further comprising 
additional particles immobilized relative to or adapted to be imniobilized relative to at 
least some of the binding species. 

5 

118. A kit as in claim 115, wherein the binding species are fastened to or 
adapted to be fastened to the surface via a metal binding tag/metal/chelate linkage. 

119. A kit as in claim 111, wherein the surface carries a self-assembled 
10 monolayer. 

120. A kit as in claim 119, wherein the self-assembled monolayer comprises a 
species that inliibits colloid/colloid self aggregation. 

15 121 . A kit as in claim 120, wherein the self- assembled monolayer contains 

charged moieties. 

122. A kit as in claim 120, wherein the self-assembled monolayer contains 
carboxy-teniiinated species. 

20 

123. A kit as in claim 120, wherein the self-assembled monolayer contains 
polyethylene glycol tliiols. 

124. A kit as in claim 121, wherein the charged moieties include nitrilotriacetic 
25 acid, 2,2'-bis(salicylideneamino)-6,6*-demethyldiphenyl, or l38-bis(a-pyridyl)-3,6- 

dithiaoctane. 

1 25. A kit as in claim 124, wherein the charged moieties comprise 
nitrilotriacetic acid. 

30 1 2o. A kit as in claim 1 1 9, wherein the self-assembled monolayer comprises 

oligonucleotides. 
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127. A kit as in claim 1 1 9, wherein the self-assembled monolayer comprises 
DNA moieties. 



128. A kit as in claim 1 19, wherein the self-assembled monolayer includes 
charged peptides. 

129. A kit as in claim 119, wherein the self-assembled monolayer consists of 
synthetic molecules. 



130. A kit as in claim 119, the self-assembled monolayer deposited onto the 
surface from a solution including a carboxy-tenninated thiol. 

131. A kit as in claim 1 30, wherein the solution contains a surfactant. 

1 32. A kit as in claim 130, wherein the solution contains carboxolates, salts of 
carboxilic acids, or sodium citrate 



133. A kit as in claim 1 30, the self-assembled monolayer deposited onto the 
20 surface not duiing fomiation of the colloid particle itself. 

1 34. A kit as in claim 1 30, the self-assembled monolayer deposited onto the 
surface in suspension in a fluid, the particle not present at a fluid-fluid interface. 



15 



25 



1 35. A kit as in claim 1 19, wherein the self-assembled monolayer is a mixed 
self-assembled monolayer further comprising a thiol lenninated with a moiety to 
facilitate the fastening of the binding species or a binding partner of the binding species. 

136. A method as in claim 94, comprising exposing the aggregates or fibrils to 
r: p]uralii>- of colloids fasienable lo the binding specei. thereby linking the colloidf ,o the 
fibrils or aggregates. 
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137. A method as in claim 136, wherein the exposing step takes place in a 
detergent free solution. 

5 138. A method as in claim 136, wherein the exposing step takes place in the 

absence of an absorptive surface. 

139. A method as in claim 136, comprising rendering the fibrils or aggregates 
visibly detectable via addition of the colloids. 

10 

140. A method as in claim 139, wherein the visibly detectable parameter is a 
change in the color of the solution. 

141 . A method as in claim 139, wherein the visibly detectable parameter is the 
15 fonnation of a visible colloid-peptide reticulum. 

'142. A method as in claim 136, wherein the colloid-peptide aggiegates are 
detected by light scattering. 

20 143. A method comprising: 

fonning a self-assembled monolayer on a surface by exposing the surface to a medium 
containing self-assembled monolayer-fonning molecular species and surfactant. 

144. A method comprising: 

25 forming a self-assembled monolayer on a surface by exposing the surface to a medium 
containing self-assembled monolayer-forming molecular species and a carboxylate. 

145. A method comprising: 

forming a self-assembled monolayer on a surface of a colloid particle not during 
?( formaiion of the colloid particle itself 
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146. A method comprising: 

fonning a self-assembled monolayer on a surface of a colloid particle in suspension in a 
fluid, the particle not present at a fluid-fluid interface. 

147. A method as in claims 143, wherein the medimn is a solution or 
suspension containing the self-assembled monolayer-fomiing molecular species and the 
surfactant. 

148. A method as in claim 143 further comprising, after forming the self- 
assembled monolayer on the surface, removing any residual surfactant from the self- 
assembled monolayer. 

149. A method as in claim 143, further comprising heat-cycling the colloid 
pailicle. 

1 50. A method comprising: 

providing at least two binding species, each capable of binding an aggregate- 
fonning species, inmaobilized relative to each other or adapted to be immobilized relative 
to each other, thereby defining an aggregate liiiker; and 

exposing the linker to a sample suspected of containing aggi-egate-fomiing 
species or a solution containing a candidate drug for affecting aggregation. 

151. A method as in claim 150, wherein the binding species are capable of 
binding a disease associated aggi*egate-fomiing species. 

1 52. A method as in claim 150, wherein the binding species are capable of 
binding a neurodegenerative disease aggregate-forming species. 

1 53. A method as in claim 150, wherein the binding species are capable of 

bmdinix a non-neurodegenerauve disease aggi-egaie-formnig species. 



wo 02/01230 



PCT/USOl/20232 



-94- 

154. A method comprising: 

exposing a live cell that can produce an aggregate-forming species to a candidate 
drug for affecting aggregation; and 

monitoring the potential of material produced by the cell for fonnation of 
5 aggregates. 

155. A method as in claim 1 54, comprising monitoring the aggregation 
potential of the material produced by the cell by exposing the aggregates to an article 
having a surface and a pkirality of binding species capable of binding the aggregates or 

10 aggi'egate-fomiing species, the binding species immobilized relative to or adapted to be 
innnobilized relative to a surface of the article. 

156. A method as in claim 155, wherein monitoring the aggregation potential is 
achieved by monitoring a change in the solution color. 

15 

157. A method as in claim 155, wherein monitoring the aggregation potential is 
achieved by monitoring the extent of formation of the colloid-peptide reticulum. 

158. A method as in claim 1 54, wherein the cell is not exposed to a candidate 

20 drag. 

159. A method as in claim 1 54, wherein the monitoring step does not involve 
removing a sample of the cell or fluid surrounding the cell. 

25 1 60. A method as in claim 1 54, wherein the monitoring step takes place in the 

presence of the cell. 

161. A method as in claim 1 54, wherein prior to the monitoring step the cell is 

lysed. 

30 

] 62. A method as in claim 1 54, wherein the cell can produce disease-associated 
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aggiegate-fonning species, ftirther comprising monitoring the potential of material 
produced by the cell for fomialion of aggregates characteristic of the disease. 

1 63. A method as in claim 1 55, wherein the disease is neurodegenerative 

disease. 



1 64. A method as in claim 155, wherein the disease is non-neurodegenerative 

disease. 



165. A method comprising: 

forming a solution containing a species capable of binding aggi-egate- 
fomiing species and one of a sample suspected of containing aggregate-fonning species 
or a candidate drug for affecting aggiegation; and 

without transfen-ing any components into the solution or removing the solution 
from its container, detecting aggiegation in the solution. 

1 66. A method as in claim 1 65, wherein the species is capable of binding a 
disease-associated aggregate-fomiing species, the method comprising detecting 
aggi egation characteristic of the disease. 



1 67. A method as in claim 1 66, wherein the disease is neurodegenerative 

disease. 



1 68. A method as in claim 1 66, wherein the disease is non-neurodegenerative 

disease. 



1 69. A method as in claim 1 65, further comprising introducing energy into the 

fluid. 



1 70. A cysien-. comprisinp at Jeast nvc panicJej each inmiobilized relative lo an 
aggiegate-forming species. 



wo 02/01230 



PCT/USOl/20232 



-96- 

171 . A system as in claim 170, each of the at least two particles fastened to a 
binding species binding the aggiegate-fomiing species. 

5 172. A system as in claim 170, comprising at least two particles each 

immobilized relative to a disease- associated aggregate-forming species. 

173. A system comprising an aggi'egate, and at least tAvo particles immobilized 
relative to the aggregate. 

10 

174. A system as in claim 173, wherein the aggi*egate is a disease-associated 
aggi-egate. 

175. A method comprising: 

15 providing an article having a first surface and a plurality of binding species 

capable of binding an aggregate-forming species immobilized relative to or adapted to be 
immobilized relative to the surface; and 

exposing the first surface to a sample containing or suspected of containing 
aggiegate-forming species. 

20 

176. A method as in claim 175^ wherein the binding species is capable of 
binding a disease-associated aggi egate-forming species. 

177. A method as in claim 176, wherein the disease is neurodegenerative 

25 disease. 

178. A method as in claim 176, wherein the disease is non-neurodegenerative 

disease. 

?r ]79. A method in claim 175 . wherein the surface ir a surface of a panicle, 

the method comprising: 
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providing a plurality of particles canying the binding species immobilized 
relative thereto; and 

exposing the particles to the sample. 

5 1 80. A method as in claim 179, ftirther comprising determining the extent of 

aggregation of the particles indicative of aggiegale-fonning species present in the 
sample. 

181. A method as in claim 175, wherein the surface is a sm face of a particle, 
10 the method comprising: 

providing a plurahty of particles and binding species fastened to or adapted to be 
fastened to surfaces of the particles; and 

exposing the particles and binding species to the sample. 



1 82. A method as in claim 1 79, wherein the binding species and the sample 
derived from diverse biological species. 



1 83. A method as in claim 181, wherein the binding species and sample are the 
same protein or protein fragments from diverse biological species. 

20 

1 84. A method as in claim 1 79, further comprising determining the extent of 
aggregation of the particles. 

1 85. A method as in claim 1 84, wlierein the sample contains aggregate-forming 
25 or species, the exposing step involving exposing the particles and binding species to the 

sample in the presence of a candidate drug suspected of affecting aggregate fonnation. 

1 86. A method as in claim 1 85, wherein the sample is produced by a cell. 

^ - "^Pl'i^f- claim ] 86. further comprising delermmmr ihc extern of 
aggregation of the particles. 
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1 88. A method as in claim 187, comprising first exposing the cell that produces 
the sample to a candidate drug suspected of affecting aggiegate formation, then exposing 
the particles and binding species to the sample. 

5 

1 89. A method as in claim 1 88, fiulher comprising lysing the cell to produce 
the sample. 

190. A method as in claim 188, wherein the candidate drug is suspected of 
10 inliibiting disease. 

191. A method as in claim 190, wherein the candidate drug is suspected of 
inliibiting neurodegenerative disease. 

15 192. A method as in claim 188, wherein the drug is suspected of inhibiting an 

enzyine whose activity has been linked to neurodegenerative disease. 

193. A method as in claim 188, wherein the drug is suspected of inhibiting a 
cellular process that is linked to neurodegenerative disease. 

20 

194. A method as in claim 192, wherein the candidate drug is suspected of 
inhibiting B-secretase. 

195. A method as in claim 192, wherein the candidate drug is suspected of 
25 inliibiting 7-secretase. 

196. A method as in claim 185, the exposing step involving exposing the 
particles to the sample in the presence of beta- amyloid including amino acid sequences of 
fi-om 1-38 to 1-44. 

?o 

197. A method as in claim 196, wherein the beta-amyloid peptide includes an 
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amino acid sequence of 1-40. 

1 98. A method as in claim ] 80, the exposing step comprising exposing the 
particles to a biological specimen drawn fi om a sample suspected of being associated 

5 with neurodegenerative disease. 

1 99. A method as in claim 1 98, comprising: 
exposing the specimen to the particles and the binding species. 

■ ^ "^^thod as in claim 1 98, wherein the sample comprises a blood sample. 

201 . A method as in claim 1 98, wherein the sample is drawn from a human 

patient. 

15 202 . A method as in claim 1 98, wherein the sample is dra\vn from an animal. 

203. A method as in claim 1 98, wherein the sample is drawn from livestock. 

204. A method as in claim 198, wherein the sample is djawn from livestock ' 

20 feed. 

205. A method as in claim 198, wherein the sample is an organ donation 

sample. 

25 206. A method as in claim 198, wherein the sample is food suitable for human 
consujnption. 

207. A method as in claim 198, wherein the sample is a fluid suitable for 
huinan or animal consumption. 

30 

208. A method as in claim 1 98, wherein the sample is milk. 
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209. A method as in claim 198, wherein the sample is water. 

210. A method as in claim 1 SO, further comprising observing a change in the 
5 sample visible to the eye upon exposure of the particles to the sample. 

211. A method as in claim 210, wherein the visible change comprises the 
aggregation of particles. 

10 212. A method as in claim 211, wherein the visible change comprises the 

aggi egation of gold colloid particles. 

213. A method as in claim 210, wherein the visible change comprises a color 

change. 

15 

214. A method as in claim 1 80, further comprising measuring a change in 
effective particle/agglomerate size upon exposure of the particles to the sample using a 
light-scattering device. 

20 215. A method as in claim 1 80. comprising digitizing an image of the sample, 

then using pattern recogm'tion to detennine whether the sample contains aggregates. 

216. A method as in claim 198, the binding species iimnobilized relative to the 
surface of the particles at a surface concentration small enough that, in the absence of 

25 auxiliary', non-surface inunobilized aggregate-fonning or fibril-forming species, particle 
aggregation upon particle/particle exposure is hindered within a time frame allowing 
comparison of aggregation in the absence of auxiliary aggregate-forming or fibril- 
forming species with aggregation in the presence of auxiliary aggregate-forming or fibril- 
forming species. 

30 

217. A method as in claim 175, further comprising determining interaction of 
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the binding species with any aggregate-forming or fibril-fomiing species present in the 
sample. 

218. A method as in claim 175, wherein the binding species and the sample ai-e 
5 diverse biological species. 

219. A method as in claim 175, comprising exposing the surface to the sample 
in the presence of a binding species immobilized relative to a particle that binds to the 
aggiegate-fonning species. 

10 

220. A method as in claim 219, wherein the particle carries an auxiliary 
signaling entity. 

221 . A method as in claim 220, wherein the auxiliary signaling entity' 

15 comprises a dye, pigment, electroactive molecule, fluorescent moiety, up-regulating 
phosphor, or enzyme-fastened signaling moiety including horse radish peroxidase and 
alkaline phosphatase. 

222. A method as in claim 219, wherein the surface is a surface of an electi-ode, 
20 and the particle can ies an electroactive species immobilized relative to the surface. 

223. A method as in claim 222, wherein the particle carries a plurality of 
immobilized electroactive species. 

224. A method as in claim 223, wher ein the plurality of electroactive species 
comprise metallocenes. 

225. A method as in claim 223, wherein the plurality of electroactive species 
comprise fen'ocenes or ferrocene derivatives. 

3(, 

226. A method as in claim 1 75, wherein the article is a magnetic bead. 



BNSDOCID- <WO._ 0201230A2_L> 



wo 02/01230 



PCT/USOl/20232 



-102- 

227. A method as in claim 175, wherein the article is an SPR chip. 

228. A method as in claim 175, wherein the article is an electrode. 

5 

229. A method as in claim 175, wherein the article is an ELISA plate. 

230. A method as in claim 175, wherein the sm-face comprises a plurality of 
individually spatially-addressable regions. 

10 

231 . A method as in claim 210, wherein the individually spatially-addressable 
regions comprise different wells of a multi-well plate. 

232. A method as in claim 231, comprising exposing the sample to the surface 
15 in the presence of a candidate drug for affecting aggregate formation. 

233. A method as in claim 232, further comprising observing a reduction in 
interaction of the aggregate-fomiing species with the surface-immobilized binding 
species due to presence of the candidate drug. 

20 

234. A method as in claim 175, wherein the sample is a drug-screening 
preparation that contains an aggi-egate-forming species. 

235. A method as in claim 175, wherein the surface is a surface of a particle, 
25 the method comprising: 

fomiing a composition comprising, suspended in a fluid medium, the binding 
species, particles fastenable to the binding species, and magnetic beads faslenable to the 
binding species; and 

exposing the composition to the sample. 

236. A method as in claim 235, wherein the particles and/or the magnetic beads 
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cairy immobilized chelates, and at least some of the binding species cany a metal 
binding tag fastenable to a metal coordinated by the chelate. 

237. A method as in claim 235, wherein at least some of the particles and beads 
are fastened to binding species. 



238. A method as in claim 235, the composition further comprising a redox- 
active species fastened to or fastenable to the particles. 

239. A method as in claim 235, fiirther comprising exposing the composition to 
a sample containing an aggregate-fomiing species and a candidate drug for affecting 
aggregate formation. 

240. A method as in claim 238, further comprising drawing at least some of the 
magnetic beads, fastened to aggregate-forming or fibril-foiming species wWch are 
fastened to particles canying redox-active agents, to an electrode and determining the 
presence of the redox-active agents proximate the electrodes. 

241 . A method as in claim 240, comprising canying out the method in the 
absence of a magnetic bead, and allowing colloid-peptide reticulum to sediment onto the 
electrode. 

242. A method as in claim 240, comprising canying out the method in the 
absence of a magnetic bead, and the electi ode displays a binding species capable of 
binding the aggiegate-fomiing species to recniit the signaling colloid-peptide reticulum 
to the electrode. 

243 . A method as in claim 240, wherein the electrode is coated with an 
inhibitor of non-specific binding. 

244. A method as in claim 243, wherein the inhibnor of non-specific bmding 
comprises a self-assembled monolayer. 
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245, A method as in claim 244, wherein the self-assembled monolayer 
comprises a polyethylene glycol-terminated self-assembled monolayer-forming species. 

5 246. A method as in claim 244, wherein the self-assembled monolayer farther 

comprises a species that enhances permeability of the self-assembled monolayer to 
electrons. 

247. A method as in claim 246, wherein the species enhancing pemieability to 
10 electrons comprises a conductive self-assembled monolayer-fomiing species. 

248. A method as in claim 246, wherein the species that enhances permeability 
to electrons comprises a species that causes defect sites in the self-assembled monolayer. 

15 249. A composition comprising: 

a binding species capable of binding an aggi-egate-fomiing species; and 
an electronic signaling entity immobilized relative to the binding species. 

250. A composition as in claim 249, wherein the binding species is capable of 
20 binding a neurodegenerative disease aggregate-fomiing species. 

251. A method comprising: 

providing a binding species immobilized relative to or adapted to be immobilized 
relative to a surface of a first article, which binding species is not a neurodegenerative 
25 disease aggi egate-fomiing species, but is capable of binding a neurodegenerative disease 
aggregate-fomiing species; and 

converting the binding species into a neurodegenerative disease aggregate- 
forming species. 

?o 252 A method 35 in claim 25] . fin-ther comprisine^ allowmp the bindinp 

species to convert other binding species into neurodegenerative disease aggregate- 
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forming species. 

253 . A method as in claim 252, comprising allowing the binding species to 
interact with a neurodegenerative disease aggregate-fomiing species thereby being 
converted in structure to a neui-odegenerative disease aggiegate-fomiing species, then 
allowing the species to convert the other binding species. 

254. A method as in claim 251 , comprising exposing the system to non-surface 
bound auxiliary binding species that are not neurodegenerative disease aggregate-fonning 
species, and allowing the auxiliary binding species to be converted to neurodegenerative 
disease aggregate-forming species. 

255 . A method as in claim 25 1 , wherein the binding species initially is fastened 
to the surface of the article. 



256. A method as in claim 251, wherein the binding species initially is not 
fastened to the surface of an article. 



257. A method comprising: 

providing a binding species, capable of binding a neurodegenerative disease 
aggregate-fomiing species, fastened to or adapted to be fastened to a surface of an article; 

optionally allowing the binding species to fasten to the surface of the article; 

allowing the binding species to bind a neurodegenerative disease aggregate- 
fonning species without conversion of the binding species 1o an aggiegate-forming 
species; and 

allowing a second binding species, fastened to or adapted to be fastened to a 
surface of a second article, to bind the aggregate-forming species. 

258. A method as in claim 257, wherein the binding species and the 
nein-odepeneralive disease agprepaie-fonninp speciee are from different species of 
biological classification. 
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259. A method comprising: 

providing a binding species that is not a neurodegenerative disease aggregate- 
forming species but is capable of binding a neurodegenerative disease aggregate-forming 
5 species; 

allowing the binding species to interact with a neurodegenerative disease 
aggi-egale-fomiing species thereby being converted to a neurodegenerative disease 
aggiegate-fonning species, and to participate in aggi'egation characteristic of the presence 
of neurodegenerative disease aggi-egate-fonning species; and 
10 detecting the aggregation characteristic of the presence of the neurodegenerative 

disease aggi'egate-forming species. 

260. An article comprising: 
a surface of the article; 

15 a binding species capable of binding an aggregate-fomiing species fastened to the 

surface; and 

a signaling entity fastened to the surface. 

261 . An article as in claim 260, wherein the binding species is capable of 
20 binding a neurodegenerative disease aggiegate-forming species. 

262. A kit comprising: 

an article having a surface; and 

a plurality of binding species capable of binding an aggregate- forming species, 
25 fastened to or adapted to be fastened to the surface via a self-assembled monolayer. 

263. A system as in claim 173. wherein each of the at least two particles is 
immobilized relative to the aggregate via a binding species fastened to the particle and 
binding the aggregate. 

?0 

264. A system as in claim 263, comprising an aggregate immobihzed relative 
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to at least two particles, at least one of the particles inunobilized relative to a second 
aggregate. 



265. A system as in claim 264, wherein the particles and aggregates form 
5 structure visible to the unaided human eye. 

266. An article as in claim 260, wherein the signaling entity is a multiple 
signaling entity. 



10 



15 



267. A method as in claim 1 , comprising rendering a fibril or aggregate visibk 

268. A method as in claim 1 75, wherein the sample is a naturally-occuning 

sample. 

269. A method as in claim 1 75, wherein the sample is a structurally 
predetermined sample. 



270. A method comprising: 

administering, to a human or animal subject at risk for or indicated for treatment 
20 for an aggregate-associated condition, a candidate drag for treatment of the condition: 
and 

exposing a sample drawn from the subject to an assay indicative of effectiveness 
of the candidate drug in treating the condition. 

^'^1 • ^ in claim 270, wherein the human or animal is at risk for or 

indicated for treatment for an aggregate-associated disease, the method involving 
exposing the sample to an assay indicative of effectiveness of the candidate drug in 
inhibiting aggregation. 

- "''^^^'^''^ ^Jaim 270, whereir, Ihc human or annnal is ai nsk joi oi 
indicated for treatment for an aggregate-associated disease, the method involvino 
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exposing the sample lo an assay indicative of effectiveness of the candidate drug in 
enhancing aggregation. 

273. A method as in claim 270, wherein the human or animal subject is at risk 
5 for or indicated for treatment for neurodegenerative disease, the method involving 

exposing the sample to an assay indicative of effectiveness of the candidate drug in 
inhibiting or treating neurodegenerative disease. 

274. A method as in claim 270, comprising the sample to an assay indicative of 
10 aggi-egation potential of the sample. 



275. A composition comprising: 

)S-amyloid peptide of from 1-38 to 1-42 comprising apolyamino acid tag. 

15 276. A method comprising: 

allowing a first colloid particle to become immobilized with respect to a second 
colloid particle by binding interaction between a first chemical or biological species 
fastened or adapted to be fastened to the first colloid particle and a second chemical or 
biological species fastened to or adapted to be fastened to the second colloid particle; and 

20 determining the immobilization of the first colloid particle with respect to the 

second colloid particle. 

277. A method as in claim 126, comprising carrying out the method in the 
presence of a candidate drug for affecting the binding interaction. 

25 

278. A method comprising: 

allowing a first colloid particle to become immobilized with respect to a second 
colloid particle by binding interaction, which binding interaction does not involve a first 
nucleic acid sequence binding to a complementary nucleic acid sequence, between a first 
?o chemical or biolopica] specie? immobilized or adapted to be immobilized relative to the 
first colloid particle and a second chemical or biological species immobilized or adapted 
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to be immobilized relative to the second colloid particle; and 

determining the immobilization of the first colloid particle with respect to the 
second colloid particle. 

279. A method comprising: 

allowing a first colloid particle to become immobilized with respect to a second 
colloid particle by binding interaction, between a first chemical or biological species 
immobilized with respect to the first colloid particle and a second chemical or biological 
species immobilized with respect to the second colloid particle, the first colloid particle 
linked to the second via particle via at least one self-assembled monolayer; and 

detenniiiing the inmiobilization of the first colloid particle with respect to the 
second colloid particle. 

280. A method as in claim 279, wherein the first and second chemical or 
biological species are immobilized with respect to the first and second colloid particles, 
respectively, via self-assembled monolayers. 

281 . A method as in claim 280, wherein the determining step comprises 
moniloring a change in the solution color. 

282. A method as in claim 279, comprising carrying out the method in the 
presence of a dmg candidate for affecting the binding interaction. 

283. A method comprising: 

providing a first colloid particle carrying an immobilized emissive or absorptive 
species; 

bringing a second colloid particle carrying a second species having the ability to 
affect emission or absorption of the inmiobilized emissive or absoiptive species into 
proximity of the first colloid particle and allowing the second species to affect the 
cmicsior or absorption of the immobilized emissive or absoiptive species., wherein ai 
least one colloid is derivatized with a self-assembled monolayer. 
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284. A method as in claim 283, wherein the emissive species is a fluorescent 
species, the method involving allowing the second species to effect the fluorescence of 
the immobilized species. 

5 

285. A method as in claim 283, comprising bringing the second colloid particle 
into proximity of the first colloid particle by allowing a binding event to occur between a 
species imjnobilized with respect to the first colloid particle and a species immobilized 
with respect to the second colloid particle. 

10 

286. A method as in claim 283. comprising bringing the second colloid particle 
into proximity of the first colloid particle by allowing a first species, fastened to the first 
colloid particle, to become immobilized with respect to a second species, inmiobilized 
with respect to the second colloid particle. 

15 

287. A method as in claim 286, wherein the first and second species are 
allowed to bind to each other. 

288. A method as in claim 287, wherein the first and second species are 
20 allowed to specifically bind to each other. 

289. A method as in claim 287, comprising allowing the first and second 
species to bind to a common entity. 

25 290. A method as in claim 289, wherein the common entity is a common 

colloid particle. 

291 . A method as in claim 289, wherein the common entity is a surface of a 
biological material. 

30 

292. A method as in claim 291, wherein the biological material is a timior. 
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293. A method as in claim 291, wherein the biological material is a cell. 

294. A method as in claim 291, wherein the biological material is a protein 

5 complex. 

295. A method as in claim 283, comprising bringing thi second colloid particle 
o prox,mity of the f.st colloid panicle by allowing a .rst species, fastened to the first 

colloid particle, and a second species, fastened to a second colloid particle, each to 
1 0 specifically bind to a common biological target. 

296. A method as in claim 283, comprising allowing the second species to 
quench emission of the first species. 



15 



20 



297. A method as m claim 283, comprismg allowmg the second species to 
enhance emission of the first species. 

298. A method as in claim 283, comprising allowing the second species to shift 
the wavelength of emission or absorption of the emissive species. 

299. A method as in claim 276 or 279, wherein the binding interaction is 

atjected by an enzyme. 



^ ^" ^'^i"^ 299, wherein the enzj^e is caspase. 

301 . A method as in claim 300, comprising canying out the method in the 
presence of a drug candidate for affecting enzyme activity. 



302. A method as in claim 299, wherein the ei^yme is calpain. 

as in claim 302, comprising carrying out the method in the 



303. A method 
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presence of a drug candidate for affecting enzyme activity. 

304. A method as in claim 299, comprising allowing an enzyme to facilitate the 
binding interaction between the first and second species, then allowing at least one of the 

5 colloid particles to become fastened to at least one of the first or second species. 

305. A method comprising: 

providing a first colloid particle, a second colloid particle, a first chemical or 
biological species immobilized relative to or adapted to immobilized relative to the first 

10 colloid particle, and a second chemical or biological species immobilized relative to 
adapted to immobilized relative to the second colloid particle: 

exposing the first and second chemical or biological species to an enzyme having 
the ability to or suspected of having the ability to facilitate linkage of the first chemical or 
biological species to the second chemical or biological species: and 

15 determining immobilization or lack of immobilization of the first colloid particle 

with respect to the second colloid particle, indicative of activity of the enzyme in linkage 
of the first chemical or biological species to the second chemical or biological species. 

306. A method as in claim 304, wherein the enzyme is caspase. 

20 

307. A method as in claim 304, wherein the enz>'me is calpain. 

308. A method as in claim 276 or 279, the deteniiining step involving 
detennining a color change indicative of immobilization of the first colloid particle 

25 relative to the second colloid particle. 

309. A method as in claim 276 or 279, comprising determining immobilization 
of the first colloid pailicle with respect to the second colloid particle by determination of 
a visible reticulum. 

?o 

310. A method comprising: 
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exposing a sample suspected of containing an analyte to a first colloid particle 
immobilized relative to or adapted to be immobilized relative to a first chemical or 
biological species and a second colloid particle immobilized relative to or adapted to be 
immobilized relative to a second chemical or biological species, the first and second 
chemical or biological species each having the ability to fasten to the analyte; and 

detennining immobilization of the first colloid particle with respect to the second 
colloid particle indicative of the presence of (he analyte in the sample. 

311. A method comprising: 

exposing first and second colloid particles to a plurality of chemical or biological 
species having the ability to immobilize the colloid particles with respect to each other, 
and to a candidate di-ug for disruption of at least one binding interaction thereby 
preventing immobilization of the first and second colloid particles with respect to each 
other; and 

15 determining immobilization of the first and second colloid particles relative to 

each other indicative of effectiveness of the candidate drug in disrupting binding 
interaction. 

312. A method as in claim 311, wherein the chemical or biological species 

20 have the ability to immobilize the colloid particles with respect to each other via at least 
one self-assembled monolayer. 



10 



25 



?0 



313. A method as in claim 311, comprising exposing the first and second 
colloid particles to first and second species fastened to or adapted to be fastened to the 
first and second colloid particles, respectively, the first and chemical or biological 
species having the ability to specifically bind to each other, wherein the candidate drug is 
a candidate for disruption of specific binding between the first and second chemical or 
biological species. 

3 ] 4 . A method a? in claim 311. comprising exposing the first and second 
colloid particles to first and second chemical or biological species immobilized relative 
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to or adapted to be irmnobilized relative to the first and second colloid particles, 
respectively, and a third species having the abihty to bind to the first and second 
chemical or biological species, and the candidate drug is for disruption of binding 
betw'een one of the first and second chemical or biological species and the third species. 

5 

315. A method as in claim 314, wherein the first and second chemical or 
biological species comprise RGD-containing motifs, and the third species comprises 
endostatin. 

10 316. A method comprising: 

providing a first colloid particle, a first chemical or biological species 
immobilized relative to or adapted to be immobilized relative to the first colloid particle, 
a second colloid particle, a second chemical or biological species immobilized relative to 
or adapted to be immobilized relative to the second colloid particle, a third particle, a 

15 third chemical or biological species inmiobilized relative to or adapted to be immobilized 
relative to the third colloid particle, wherein the first and second chemical or biological 
species each have the ability for linkage to the third chemical or biological species; and 

determining immobilization of the first colloid particle with respect to the second 
colloid particle via binding between each of the first and second chemical or biological 

20 species and the third chemical or biological species. 

317. A method as in claim 314 or 316, comprising exposing the first, second, 
and third colloid particles to each other in the presence of a candidate drug for disruption 
of binding interaction betAveen the first or second chemical or biological species and the 

25 third chemical or biological species. 

318. A method as in claim 316, wherein each of the first and second chemical 
or biological species is derived from vitronectin, and the third chemical or biological 
species is angiostatin. 

30 

319. A method as in claim 317, wherein each of the first and second chemical 
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or biological species is vitronectin, the third chemical or biological species is angiostatin, 
and the candidate drug is a candidate for disruption of vitronectin/angiostatin binding. 

320. A method comprising: 
5 exposing a first sample containing or suspected of containing an aggregate- 

fonning species; or containing or suspected of containing a precursor of an aggregate- 
fonning species; or able to produce or is suspected of being able to produce aggregate- 
fomiing species; or is able to produce or suspected of being able to produced a precursor 
of an aggregate-foi-ming species, to a second sample suspected of having the ability to 
10 affect the first sample's propensity for involvement in an aggregation process; and, 

determining the second sample's ability to affect the first sample's propensity for 
involvement in the aggregation process. 



15 



321 . A method as in claim 320, comprising exposing the first sample to the 
second sample in the presence of a candidate dmg for moderation of the ability of the 
second sample to affect the first sample's propensity for involvement in the aggregation 
process. 



322. A method as in claim 320, the determining step involving determining the 
20 potential of the first sample for aggregation. 



25 



30 



323. A method as in claim 320, wherein the first sample contains or 
suspected of containing a disease associated aggregate-forming species. 



IS 



324. A method as in claim 323, wherein the disease is neurodegenerative 
disease. 



325. A method as in claim 320, wherein the first sample comprises a protein or 
peptide that is an aggregate-forming species. 

326. A method as in claim 320, wherein the first sample comprises a precursor 
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of a protein or peptide that is an aggi-egate-foraiing species. 

327. A method as in claim 320, wherein the first sample comprises a species 
derived from a cell that produces a protein or peptide that is an aggregate-forming 

5 species. 

328. A method as in claim 327, wherein the first sample comprises material 
secreted from the cell, 

10 329. A method as in claim 327, wherein the first sample comprises a lysate of 

the cell or a fraction thereof. 

330. A method as in claim 320, wherein the second sample is not an aggregate- 
fomiing species, and is not a precursor of an aggregate forming species. 

15 

331. A method as in claim 320, wherein the second sample is a protein, 
peptide, nucleic acid, or enzyme, and is naturally-occurring, synthetic, or cloned. 

332. A method as in claim 331, wherein the second sample is derived from a 

20 cell. 

333. A method as in claim 320, wherein the second sample comprises material 
derived from a cell. 

25 334. A method as in claim 320, the determining step comprising detemiining 

aggregation of colloid particles via binding of binding species, immobilized relative to 
the colloid particles, to aggregates or aggregate-forming species. 

335. A method comprising: 
?f providinr a p]ura]ii\- of panicles each havinp a surface and a p]uralit>' of bindinr 

species capable of binding a aggregate-forming species immobilized to or adapted to be 
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inimobilized to the surface; 

exposing the particles and the binding species to a candidate drug suspected of 
affecting aggregate fonnation; 

determining a first observable feature of the particles indicative of effectiveness 
of the candidate drug in affecting aggregate fonnation at a first point in time; and 

detennining a second obsen^able feature of the particles indicative of 
effectiveness of the candidate drug in affecting aggregate fonnation at a second point in 
time. 



336. A method as in claim 335, wherein the candidate drug is suspected of 
inliibiting aggregate fonnation, and the detennining steps comprise detennining first and 
second observable features of the particles indicative of effectiveness of the candidate 
drug in inliibiting aggjegate formation at the first and second points in time. 

337. A method as in claim 335, wherein the binding species are capable of 
binding a neurodegenerative disease aggregate-fonning species and the candidate drug is 
suspected of inliibiting neurodegenerative disease aggregate fomiation, and the 
determining steps comprise detennining first and second obsen^able features of the 
particles indicative of effectiveness of the candidate drug in inhibiting neurodegenerative 
disease aggregate fonnation at the first and second points in time. 

338. A method as in claim 335, further comprising exposing the particles, the 
binding species, and the candidate drug to auxiliary aggregate-fonning species. 

339. A method as in claim 335, wherein at least one of the first and second 
obsei-vable features includes directly visually-identifiable change. 

340. A method as in claim 339, wherein at least one of the first and second 
obser\'able features is a color change. 

341 . A method as in claim 335, wherein at least one of the first and second 
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obsen^able features is identifiable by the unaided huanan eye. 



PCT/USOl/20232 



342. A method as in claim 335, wherein the first and second points in time 
differ by at least one day. 

5 

343. A method as in claim 335, wherein the first and second points in time 
differ by at least 1 .5 days. 

344. A method as in claim 335, wherein the first and second points in time 
10 differ by at least two days. 

345. A method as in claim 335, wherein the first and second points in time 
differ by no more than 20 minutes. 

15 346. A method as in claim 335, wherein the first and second points in time 

differ by no more than 1 0 minutes. 

347. A method as in claim 335, wherein the first and second points in time 
differ by no more than 5 minutes. 

20 

348. A method as in claim 335, wherein the first and second points in time 
differ by no more than one minute. 

349. A method as in claim 335, wherein the first and second points in time 
25 differ by no more than 30 seconds. 

350. A method as in claim 335, comprising; 

determining the first observable feature and determining the second observable 
feature without disruption/agitation of the assay or exposure of external energy to the 
?o assay durinp and henvaen the first and second deiennininp steps. 
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351. Am ethod comprising; 

exposing a candidate drug, suspected of affecting aggregate fonnation, to a 
plurality of particles each having a surface and a plurality of binding species capable of 
binding aggregate-forming species iinmobilized to or adapted to be immobilized to the 
surface, under a first set of conditions and deteimining an observable feature of the 
particles indicative of effectiveness of the candidate drug in affecting aggregate 
foimation under the first set of conditions; 

exposing the candidate drug to a plurality of particles each having a surface and a 
plurality of binding species capable of binding a aggiegate-fonning species immobilized 
to or adapted to be immobilized to the surface under a second set of conditions; and 

detennining an observable feature of the particles indicative of effectiveness of 
the candidate drug in affecting aggregate formation under the second set of conditions. 

352. A method as in claim 35 1 , wherein the candidate diug is suspected of 
inliibiting aggiegate formation, and the detennining step comprises detennining an 
obsei^able feature of the particles indicative of effectiveness of the candidate drug in 
inhibiting aggi egate fonnation. 

353. A method as in claim 351, wherein the candidate drug is suspected of 
inhibiting neurodegenerative disease aggi egate fomiation, and the detennining step 
comprises detennining an obserx'able feature of the particles indicative of effectiveness 
of the candidate drug in inhibiting neurodegenerative disease aggi-egate fonnation. 

354. The method of claim 351, wherein the first set of conditions is a first point 
in time and the second set of conditions is a second point in time. 

355. The method of claim 351, wherein the first set of conditions is a first stage 
of aggregation and the second set of conditions is a second stage of aggregation. 

356 The method of claim 35] . wherein the plurality' of particlec and bindinr 
species are in a solution. 
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357. The method of claim 356, wherein the step of determining the observable 
feature of the first and second stages of aggregation comprises determining a color of the 
solution. 

5 

358. The method of claim 357, wherein the step of determining the observable 
feature of the first and second stages of aggregation comprises obser\'ing a color change 
via an instrument. 

10 359. The method of claim 353, wherein the step of determining the observable 

feature of the first and second stages of aggregation comprises determining relative 
dimensions of the aggregates. 

360. The method of claim 359, wherein relative dimensions of the aggregates 
15 are determined by microscopy. 

361 . The method of claim 353, wherein the step of detemiining the observable 
feature of the first and second stages of aggregation comprises determining a molecular 
weight of the aggi-egates. 

20 

362. The method of claim 351, wherein the first set of conditions comprises a 
first concentration of peptides and the second set of conditions comprises a second 
concentration of peptides. 

25 363. The method of claim 362, wherein any of the first and second set of 

conditions comprises a low or high concentration of peptides. 

364. The method of claim 35 1, wherein the first set of conditions comprises a 
first type of binding species and the second set of conditions comprises a second type of 
?0 bindinp spec3e^ 
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365. A method comprising: 
detemiining a stage of aggi-egate formation; and 

correlating the stage of aggregate or aggregate foniiation with a disease stage. 

366. A method as in claim 365, wherein the disease is neurodegenerative 

disease. 



367. A method comprising: 

providing a plurahty of particles each having a surface and a plurality of binding 
species capable of binding a aggregate-foiTning species inmiobilized to or adapted to be 
immobilized to the surface; 

exposing the particles to a sample containing aggregate-fonning species in the 
presence of a candidate drug suspected of affecting aggregate fonnation; and 

detemiining an extent of aggi-egation of the particles indicative of effectiveness of 
the candidate drug in affecting aggregate formation at least 5 hours after the exposing 
step. 



368. A method as in claim 367, comprising: 

providing a plurality of panicles each having a surface and a plurality of binding 
species capable of binding a neurodegenerative disease aggi-egate-fomiing species 
immobilized to or adapted to be immobilized to the surface; 

exposing the particles lo a sample containing neurodegenerative disease 
aggi-egate-fomiing species in the presence of a candidate drug suspected of inhibiting 
neurodegenerative disease aggregate fonnation; and 

determining an extent of aggregation of the particles indicative of effectiveness of 
the candidate drug in inhibiting aggregate fonnation at least 5 hours after the exposing 
step. 



369. A method as in claim 367, comprising: 

deiermininr the exieni of aggregation no sooner thar. 10 hour? after the exposinr 

step. 
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370. A method as in claim 367, comprising: 

determining the extent of aggregation no sooner than 15 hours after the exposing 

step. 

5 

371. A method as in claim 367, comprising: 

detennining the extent of aggregation no sooner than 20 hours after the exposing 

step. 

10 372. A method comprising: 

providing a plurality of particles each having a surface and a plurality of binding 
species capable of binding a aggregate-fonning species immobilized to or adapted to be 
immobilized to the surface; 

exposing the particles to a sample containing aggregate-fomiing species in the 
15 presence of a candidate drug suspected of affecting neurodegenerative disease aggregate 
fomiation; and 

detennining an extent of aggregation of the particles indicative of effectiveness of 
tlie candidate drug in affecting aggregate foniiation no later than 1 minute after the 
exposing step. 

20 

373. A method as in claim 372, comprising: 

providing a plurality of particles each having a surface and a plurality of binding 
species capable of binding a neurodegenerative disease aggregate-fonning species 
immobilized to or adapted to be immobilized to the svu*face; 
25 exposing the particles to a sample containing neurodegenerative disease 

aggi-egate-fomiing species in the presence of a candidate drug suspected of inhibiting 
neurodegenerative disease aggregate fomiation; 

determining an extent of aggr egation of the particles indicative of effectiveness of 
the candidate drag in inhibiting aggregate formation no later than 1 minute after the 
?0 cxposinr siep. 
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374. A method as in claim 372, comprising: 

determining the extent of aggregation no later than 30 second after the exposing 



375. A method as in claim 372, comprising: 

detennining the extent of aggregation no later than 1 0 second after the exposing 



step. 



376. A method comprising: 

administering to a first patient exhibiting symptoms indicative of a first stage of s 
disease process a first drug for treatment of the disease, wherein the first drug, upon 
exposure to an assay indicative of potential for affecting aggregate formation, exhibits a 
first characteristic of affecting aggregate fonnation; and 

administering to a second patient exhibiting symptoms indicative of a second 
stage of the disease process a second drug for treatment of the disease, wherein the 
second drug, upon exposure to the assay, exhibits a second characteristic of affecting 
aggregate fonnation. 

377. A method as in claim 376, comprising: 

administering to a first patient exhibiting sjinploms indicative of a first stage of a 
neurodegenerative disease process a first drug for treatment of the disease, wherein the 
first drug, upon exposure lo an assay indicative of inhibition of aggregate fomiation, 
exhibits a first characteristic of inliibition of aggi egate formation; and 

admim'stering to a second patient exhibiting symptoms indicative of a second 
stage of a neurodegenerative disease process a second drag for tieatment of the disease, 
wherein the second di-ug, upon exposure to the assay, exhibits a second characteristic of 
inhibition of aggregate fomiation. 

378. A method as in claim 376, wherein the assay contains a plurality of 
parliclee each havjnr surface, s plnrality of bindmr specie? capable ofbindinr 
neurodegenerative disease aggi egate-fonning species immobilized to or adapted to be 
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inimobiHzed to the surface, and a sample containing neurodegenerative disease 
aggregate- forming species. 
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Fig. 5 
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Fig. 7B 
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